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RESUMO

O alendronato de sédio (Ale) é um bisfosfonato amplamente utilizado de forma sistémica no
tratamento da osteoporose. Devido a propriedade de inibicdo da reabsorcdo Ossea, estudos
clinicos recentes tém mostrado resultados satisfatorios do uso topico de Ale a 1% na forma de
gel, como coadjuvante no tratamento da doenca periodontal. Embora os principais alvos
farmacoldgicos dos bisfosfonatos sejam os osteoclastos, essas drogas podem ser endocitadas
por células fagociticas e causar alteracBes na diferenciagéo celular e na producéo de citocinas.
Macréfagos e neutréfilos desempenham papel importante tanto no combate direto aos
periodontopatdgenos, quanto no controle das respostas imunoinflamatorias, por meio da
liberacdo de citocinas e producdo de moléculas com atividade microbicida. Nesse contexto, a
utilizacdo topica de Ale pode afetar as respostas bioldgicas nos tecidos periodontais em sitios
com periodontite. O objetivo deste trabalho foi avaliar o efeito de dose de uso topico periodontal
de Ale a 1% na viabilidade celular e expressdo de moléculas envolvidas nas respostas
imunoinflamat6rias por mondcitos e granuldcitos humanos, estimulados in vitro com
Porphyromonas gingivalis (Pg). Para isso, sangue periférico de 10 doadores saudaveis foi
incubado com Ale a 1% (0,03M) por 2 horas. Em seguida, foi adicionada Pg e as amostras
incubadas por mais 6 horas. Apés lise das hemacias, foram realizadas reacGes de
imunofluorescéncia para andlise por citometria de fluxo. Foram analisadas as expressdes de
TLR2, TLR4, DHR123, IL-1, IL-8, IL-10 e TNF nas populacdes de granuldcitos e mondcitos,
identificadas pelos marcadores de superficie CD66b e CD14, respectivamente, além da
expressdo de TGF-B1 em mondcitos. Adicionalmente, foi avaliada a expressdo das citocinas
por subpopulacdes de mondcitos fenotipicamente identificadas pelos marcadores CD14 e
CD16. Analises por citometria de fluxo mostraram que Ale reduziu a expressdo de CD66Db,
DHR123, TLR4, IL-8 e TNF nos granuldcitos ndo estimulados com bactéria. Considerando
células estimuladas com Pg, Ale reduziu a mediana de intensidade de fluorescéncia (MIF) de
CD66b, TLR2, TLR4, IL-1B e IL-8, embora tenha aumentado a MIF de DHR123 e as
frequéncias de células positivas para TLR2, TNF e IL-10 nos granuldcitos. Analise da
populacdo de mondcitos ndo estimulada com bactéria mostrou que Ale reduziu a expressdo de
TLR2, TLR4 e de todas as citocinas avaliadas. Considerando mondcitos estimulados com Pg,
Ale reduziu a expressdo de TLR4, IL-1, IL-8, TNF e IL-10 e aumentou a frequéncia de células
TLR2". As analises mostraram ainda que Ale afeta de modo distinto a producado de citocinas
pelas subpopulagdes de monacitos cléssicos, intermediarios e ndo-classicos. Os dados sugerem
que concentracGes de uso tépico de Ale sdo capazes de afetar a expressdo de moléculas
envolvidas nas respostas imunoinflamatdrias por leucdcitos ativados por periodontopatégeno.
Embora a inibicdo da expressdo de moléculas relacionadas aos processos de inflamacdo e
destruicdo tecidual possa contribuir para a melhoria nos parametros clinicos periodontais, essa
modula¢do pode afetar os mecanismos envolvidos no combate as bactérias nos tecidos
periodontais.

Palavras-chave: Alendronato de sddio. Mondcitos. Granulocitos. Citocinas. Porphyromonas
gingivalis.



ABSTRACT

Sodium alendronate (Ale) is a bisphosphonate widely used systemically in the treatment of
osteoporosis. Due to its bone resorption inhibition property, recent clinical studies have shown
satisfactory results from the topical use of 1% Ale in the form of gel, as an adjunct in the
treatment of periodontal disease. Although the main pharmacological targets of
bisphosphonates are osteoclasts, these drugs can be endocytosed by phagocytic cells and cause
changes in cell differentiation and cytokine production. Macrophages and neutrophils play an
important role both in the direct fight against periodontopathogens and in the control of
immunoinflammatory responses, through the release of cytokines and production of molecules
with microbicidal activity. In this context, the topical use of Ale may affect biological responses
in periodontal tissues at sites with periodontitis. The objective of this work was to evaluate the
effect of a topical periodontal dose of Ale (1%) on cell viability and expression of molecules
involved in immunoinflammatory responses by human monocytes and granulocytes, stimulated
in vitro with Porphyromonas gingivalis (Pg). For this, peripheral blood from 10 healthy donors
was incubated with 1% Ale (0,03M) for 2 hours. Then, Pg was added and the samples incubated
for another 6 hours. After lysis of the red blood cells, immunofluorescence reactions were
performed for analysis by flow cytometry. Expressions of TLR2, TLR4, DHR123, IL1-j, IL-
8, IL-10, TNF in the granulocyte and monocyte populations, identified by the surface markers
CD66b and CD14, respectively, in addition to the expression of TGF- Bl in monocytes.
Additionally, the expression of cytokines by subpopulations of monocytes phenotypically
identified by markers CD14 and CD16 was evaluated. Flow cytometric analysis showed that
Ale reduced the expression of CD66b, DHR123, TLR4, IL-8 and TNF in granulocytes not
stimulated with bacteria. Considering cells stimulated with Pg, Ale reduced the median
fluorescence intensity (MFI) of CD66b, TLR2, TLR4, IL-1f3 and IL-8, although it increased the
MFI of DHR123 and the frequencies of positive cells for TLR2, TNF and IL-10 on
granulocytes. Analysis of the monocyte population not stimulated with bacteria showed that
Ale reduced the expression of TLR2, TLR4 and of all evaluated cytokines. Considering
monocytes stimulated with Pg, Ale reduced the expression of TLR4, IL-1p, IL-8, TNF and IL-
10 and increased the frequency of TLR2" cells. The analysis also showed that Ale differently
affects the production of cytokines by subpopulations of classical, intermediate and non-
classical monocytes. The data suggest that topical Ale concentrations are able to affect the
expression of molecules involved in immunoinflammatory responses by periodontopathogen
activated leukocytes. Although the inhibition of the expression of molecules related to the
processes of inflammation and tissue destruction can contribute to the improvement of
periodontal clinical parameters, this modulation can affect the mechanisms involved in the fight
against bacteria in periodontal tissues.

Keywords: Sodium alendronate. Monocytes. Granulocytes. Cytokines. Porphyromonas
gingivalis.
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1 INTRODUCAO

Os bisfosfonatos (BF) séo utilizados como principais medicamentos nas terapias para
doencas que afetam o metabolismo 6sseo, como a osteoporose e doenca de Paget, assim como
em tumores malignos e metastases intradsseas (BURR; RUSSELL, 2011; CORRAL-GUDINO
et al., 2017; MADRID; SANZ, 2009). Os BF também podem ser utilizados como carreadores
de outros medicamentos como antibidticos, hormonios e anticancerigenos (FARRELL et al.,
2018; SEDGHIZADEH et al., 2017; WANG et al., 2018).

Ao serem administrados, por via oral ou por via intravenosa, os BF se depositam na
matriz 6ssea por meio de interagdo com os cristais de hidroxiapatita. Depois desta interacéo,
quantidades pequenas das drogas sdo liberadas durante a remodelacdo 6ssea, resultando em
uma meia-vida estimada em anos (LIN, 1996; PAPAPOULOS; CREMERS, 2007).

A principal atividade farmacoldgica dos BF consiste na inibigdo da reabsorcéo 6ssea
pelos osteoclastos, na medida em que eles iniciam a reabsor¢do da matriz 6ssea, liberando as
drogas depositadas na mesma (MADRID; SANZ, 2009).

A doenca periodontal é um processo inflamatério que pode afetar gengiva, ligamento
periodontal e osso alveolar. E causada principalmente pelo acimulo de biofilme dental
disbiotico, que induz uma resposta imunoinflamatoria com liberagdo de diversos mediadores
quimicos envolvidos nos processos de reabsorcdo 6ssea e degradacdo da matriz extracelular,
causando danos muitas vezes irreversiveis, como a perda de insercdo (ATA-ALI et al., 2015).
Dentre as espécies bacterianas na doenca periodontal estdo Porphyromonas gingivalis (Pg) e
Aggregatibacter actinomycetemcomitans, importantes para o0 aparecimento e progressdo da
periodontite (ATA-ALI et al., 2015).

O controle das respostas imunoinflamatdrias nos tecidos periodontais envolve a
secrecdo de citocinas, a expressao de moléculas co-estimulatorias de superficie celular e a
producéo de enzimas relacionadas a atividade microbicida pelas células imunocompetentes. A
expressdo diferencial dessas moléculas determina o curso do processo inflamatorio,
estimulando o combate aos microrganismos e induzindo ativacdo de mecanismos de destruicdo
tecidual (TAMAI; SUGIYAMA; KIYOURA, 2011).

Devido a propriedade de inibicdo da reabsorcéo 0ssea, estudos recentes tém investigado
o0 potencial dos BF no tratamento da doenca periodontal. Em estudos clinicos, a utilizacéo
topica do alendronato de sddio (Ale) na forma de gel a 1%, como adjuvante no tratamento
periodontal ndo cirurgico, tem mostrado reducéo no sangramento a sondagem, nivel de insergédo
clinica e profundidade de sondagem (DUTRA et al., 2017; PRADEEP et al., 2012; PRADEEP


https://www.google.com.br/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjOqr3Wh9HYAhUCH5AKHWpQAN4QFggoMAA&url=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FAggregatibacter_actinomycetemcomitans&usg=AOvVaw2nyP5JyjPH1L3jwnJw-wfs
https://www.google.com.br/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjOqr3Wh9HYAhUCH5AKHWpQAN4QFggoMAA&url=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FAggregatibacter_actinomycetemcomitans&usg=AOvVaw2nyP5JyjPH1L3jwnJw-wfs
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et al., 2013; SHARMA; PRADEEP, 2012a; SHARMA; PRADEEP, 2012b; PRADEEP et al.,
2017).

O uso topico dos BF como terapia complementar no tratamento de doencas periodontais
e periimplantares, embora em concentragdes bem maiores que as encontradas no plasma
sanguineo quando administrados sistemicamente, parece promissor e com menos efeitos
indesejaveis. Isto porque, ndo séo biodisponibilizados sistemicamente, evita-se o surgimento
de osteonecrose dos maxilares (PRADEEP et al., 2012; SOILEAU, 2006; WANG; WEBER,;
MCCAULEY, 2007).

Embora os efeitos dos BF na atividade de osteoclastos tenham sido muito estudados,
pouco se conhece sobre seus efeitos em células imunocompetentes, principalmente quando
estimuladas por produtos da microbiota periodontal. Considerando o papel dessas células no
combate aos microrganismos periodontais e seus produtos, torna-se relevante avaliar os efeitos
dos BF topicos, utilizados em doses elevadas, na atividade de leucdcitos humanos estimulados
com periodontopatdgenos.
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2 REFERENCIAL TEORICO

2.1 Bisfosfonatos

Os bisfosfonatos foram descobertos em meados de 1800, mas foi na década de 1960 que
comecaram a ser utilizados para o tratamento de doencas Osseas metabdlicas, incluindo a
ossificacdo heterotopica, displasia fibrosa, osteogénese imperfeita, doenca de Paget,
hipercalcemia, cancer metastatico e mieloma mdltiplo (WATTS, 2014). Posteriormente,
passaram a ser utilizados também no tratamento da osteoporose (DANNEMANN et al., 2007;
NAYAK; GREENSPAN, 2017).

Os BF sdo medicamentos utilizados para diminuir a reabsorcdo 6ssea e sdo analogos
quimicos da substancia enddgena, acido pirofosférico, encontrada no organismo humano como
pirofosfato, um inibidor natural da reabsorcéo dssea. No entanto, esta substancia ndo pode ser
utilizada como meio terapéutico, pois sofre rapida hidrolise enzimética. A diferenca dos BF
para o acido pirofosférico é que o atomo central de oxigénio é substituido por um de carbono e
0s grupos radicais ligados a este carbono aumentam a resisténcia a degradacdo enzimatica,
possibilitando maior meia-vida, suficiente para influenciar o metabolismo @sseo
(FERNANDES; LEITE; LANCAS, 2005).

Devido a sua grande afinidade por célcio, os BF se aderem fortemente ao tecido 6sseo
e, ao serem liberados da matriz durante a remodelacdo Gssea e absorvidos pelos osteoclastos,
atuam nessas células inibindo a reabsorcdo 6ssea (RODAN; FLEISCH, 1996; RUSSELL
2011). Depois desta interagdo com o tecido dsseo, quantidades pequenas das drogas sdo
liberadas durante a remodelacgdo 6ssea, resultando em uma meia-vida estimada em anos (LIN,
1996; PAPAPOULOS; CREMERS, 2007).

O principal mecanismo de acdo difere entre as duas classes de BF. Os BF néo
nitrogenados (etidronato, clodronato e tiludronato), também denominados de primeira geracéo,
possuem estrutura quimica mais semelhante ao acido pirofosforico e, ao serem metabolizados
pelos osteoclastos, geram adenosina trifosfato toxica e, consequentemente, morte destas células
por apoptose (RODAN; FLEISCH, 1996). Ja os BF nitrogenados (alendronato, rizendronato,
ibandronato, pamidronato e zoledronato) reduzem a atividade dos osteoclastos e induzem a
apoptose atraves da inibicdo da sintese da enzima difosfato de farnesil, que inibe a prenilacéo

de proteinas e interfere na organizacdo do citoesqueleto (formacgdo da borda em escova),
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afetando os osteoclastos e o padrdo normal de reabsorcdo 6ssea (KIMMEL, 2007). Os BF
nitrogenados possuem maior atividade em menores doses (SILVERMAN et al., 2007).

Com a administracdo de BF por via oral, os niveis adequados de inibicao da reabsorcéo
0ssea sdo observados somente apds algumas semanas (BRUNSVOLD et al., 1992; ROGERS
et al., 2000).

A utilizacdo dos BF causa uma diminuicdo rapida e substancial dos marcadores de
remodelacdo 6ssea com um efeito maximo em 3 a 6 meses e aumento na densidade 0ssea (3 a
5%) nos primeiros anos de tratamento da osteoporose, seguido por periodo de estabilizacao.
Com a continuacdo do tratamento, o novo estado de equilibrio é mantido por 10 anos ou até
mais (WATTS, 2014).

Um dos principais problemas dos BF é que eles diminuem a angiogénese, reduzindo a
vascularizacdo e comprometendo a chegada e a migracdo de células precursoras do reparo
0sseo, como 0s osteoclastos e osteoblastos. Isto aumenta a chance de necrose 6ssea. Outra
consequéncia associada ao uso dos BF é que estes farmacos induzem apoptose dos
queratindcitos, o que causa alteracdes na mucosa do trato digestivo, inclusive na cavidade oral
(WALTER et al., 2010).

Os BF sdo muito utilizados para o tratamento de pacientes com osteoporose, embora 0s
beneficios e maleficios de sua utilizacdo ainda ndo sejam completamente conhecidos (BLACK;
BAUER, 2012; WHITAKER et al., 2012). Os BF também séo utilizados para o controle de
metastases 0sseas, pois eles ndo somente inibem a proliferacdo e induzem apoptose de células
neoplasicas malignas em cultura, como também interferem na adesdo das células neoplésicas e
osteoblastos a matriz 6ssea, reduzindo a migracao e invasao celular (CARAGLIA et al., 2006;
KUBISTA et al., 2006; LOPES-OLIVO et al., 2012; O’CARRIGAN et al., 2017).

Pesquisas demonstram que doses elevadas sistémicas de BF afetam a remodelagéo 0ssea
por inibicdo da atividade osteoclastica e, portanto, seu uso pode prejudicar o processo de reparo
0sseo, comprometendo a osseointegracao dos implantes em alguns pacientes (GANGULI et al.,
2002; GOZIOTIS et al., 1995). Para evitar a administracdo sistémica e de doses elevadas,
pesquisas tém sido realizadas com a utilizagdo topica destes medicamentos (MADRID; SANZ,
2009).

Um dos principais efeitos indesejaveis dos BF ¢é a osteonecrose, que ocorre comumente
nos 0ssos maxilares, possivelmente em decorréncia da inibicdo da migracao e adesdo celular
que pode atrapalhar o potencial de neoformacéo dssea apés cirurgias dento alveolares (KOCH
etal., 2011).
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No tecido 6sseo dos maxilares de pacientes que utilizam BF, o reparo ocorre de forma
lenta, favorecendo a colonizacao por bactérias patogénicas, podendo gerar osteomielite cronica
devido a reabsorcdo lenta do tecido 6sseo (TARDAST et al., 2015). Estudos mostram que a
incidéncia da osteonecrose dos maxilares em pacientes com neoplasia maligna dssea, tratados
com BF intravenosos de dose elevada, varia de 1 a 12% (MARX et al., 2005; RUGGIERO et
al., 2004). Nos pacientes em tratamento com BF para osteoporose, a osteonecrose dos maxilares
é rara. Estima-se incidéncia de menos de 1 caso por 100.000 pessoas/ano em tratamento com
BF orais (WANG; WEBER; MCCAULEY, 2007).

A etiologia da osteonecrose dos maxilares associada aos BF ainda é incerta (MARX et
al., 2005; NICOLATOU-GALITIS et al., 2019). Estudos mostraram grande acimulo de BF nos
0ssos maxilares. A alta concentracdo desses farmacos poderia influenciar as células no
microambiente 0sseo, como osteoblastos, células endoteliais e fibroblastos, afetando o reparo
tecidual e resultando clinicamente em osteonecrose (WALTER et al., 2010). A maioria dos
pacientes que apresentaram osteonecrose dos maxilares utilizaram os medicamentos &cido
zoledrénico e pamidronato (WOO et al., 2006), enquanto somente alguns pacientes que

utilizaram por longo tempo alendronato apresentaram este quadro (RUGGIERO et al., 2004)

2.2 Doenca periodontal

2.2.1 Caracteristicas clinicas

As doencas periodontais sdo infecgdes multifatoriais resultantes da interagdo do
biofilme disbi6tico com os tecidos e células do hospedeiro, gerando a liberacdo de varios
mediadores inflamatorios citocinas, quimiocinas o que pode levar a destrui¢do das estruturas
periodontais, gerando perda Ossea e perda de inser¢do (HIGHFIELD, 2009; HOLT;
EBERSOLE, 2005; LIU; LERNER; TENG, 2010).

Dentre as doengas periodontais associadas ao biofilme disbidtico, temos a periodontite
que aparece em pessoas predispostas e com desregulagdo do sistema imunologico frente ao
principal fator etiolégico, o acimulo de biofilme disbidtico, que gera inflamag&o dos tecidos
periodontais (HAJISHENGALLIS; CHAVAKIS; LAMBRIS, 2020; VAN DYKE, 2020).

O equilibrio entre as respostas pro-inflamatorias e anti-inflamatdrias sdo elementos
chaves para a patogénese da doencga periodontal e danos teciduais. Durante a inflamac&o dos
tecidos periodontais, ocorre o recrutamento de células do sistema imune inato e adaptativo que

pode progredir para uma fase de resolucdo ou para uma fase de inflamag&o crénica. Essas fases
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podem ser afetadas por varios fatores ambientais, moleculares e celulares ligados ao
hospedeiro, modulando o recrutamento e a atividade leucocitéria e determinando a evolugdo
clinica da doenca. Se as células pro-inflamatdrias forem dominantes, ha maior tendéncia de
ocorrer destruicdo tecidual e reabsorcdo Ossea. E se as células anti-inflamatérias e pro-
regenerativas forem dominantes, teremos uma resolucdo da inflamagéo e os tecidos seréo
reparados ou regenerados (GU; HAN, 2020; HAJISHENGALLIS; CHAVAKIS; LAMBRIS,
2020; VAN DYKE, 2020).

Este processo pode ser reversivel, reduzindo-se o biofilme dental dishi6tico por meio
da remogdo mecéanica, e é considerado a terapia padrdo para o tratamento da periodontite.
(PRESHAW, 2018) A permanéncia do biofilme disbi6tico gera uma maior liberacéo de fatores
de viruléncia bacterianos, como os lipopolissacarideos (LPS), causando a gengivite que
apresenta sinais clinicos caracteristicos como sangramento gengival, rubor e edema, gerando
um processo inflamatorio restrito ao tecido gengival. Se este processo ndo for interrompido, o
biofilme disbidtico continuara se desenvolvendo podendo atingir os tecidos periodontais de
sustentacdo, ligamento periodontal, osso alveolar e cemento radicular, caracterizando a
periodontite (CHAPPLE et al., 2018; GOUTOUDI; DIZA; ARVANITIDOU, 2004).

O diagnostico da doenca periodontal é feito através de exame clinico utilizando uma
sonda milimetrada, que avalia altera¢6es dentro do sulco periodontal auxiliando o planejamento
do tratamento periodontal. Alguns parametros séo utilizados para verificar alteracdes nos
tecidos periodontais, como profundidade de sondagem (PS), nivel de insercéo clinica (NIC) e
sangramento a sondagem (SS) (LINDHE; LANG, 2018; NEWMAN et al., 2020). Os principais
sinais clinicos de inflamacdo observados na periodontite sdo edema que altera a forma,
contorno, textura, tamanho e cor da gengiva, perda clinica de insercdo, presenca de bolsas
periodontais, sangramento a sondagem e em alguns casos supuragdo (PAPAPANOU et al.,
2018; TONETTI; GREENWELL; KORNMAN, 2018).

A periodontite é definida como uma doenga inflamatoria cronica com varios fatores
etiologicos relacionados ao biofilme dental disbidtico, que gera a destruicdo gradativa de todos
os tecidos de suporte periodontal. Recentemente, uma nova classificacdo para a doenca foi
proposta com base na severidade (NIC) e na progresséo (PAPAPANOU et al., 2018;
TONETTI; GREENWELL; KORNMAN, 2018).

A periodontite na forma moderada afeta aproximadamente 45% a 50% da populacéo
mundial (GENCO; SANZ, 2020), podendo se apresentar de forma localizada, quando atinge
até 30% dos sitios, ou generalizada, quando encontrada em mais de 30% dos sitios periodontais
(PAPAPANOU et al., 2018; TONETTI; GREENWELL; KORNMAN, 2018).
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A presenca constante de biofilme dental disbiético em contato com os tecidos
periodontais gera um processo inflamatorio recorrente, determinando o percurso da doenca
periodontal (KINANE; STATHOPOULOU; PAPAPANOU, 2017). O processo
imunoinflamatério na doenca periodontal € regulado por varios mediadores pro e anti-
inflamatorios que vao afetar a progressdo da doenca periodontal. Um equilibrio na secrecéo
local de citocinas inflamatorias pode garantir a preservacdo dos tecidos periodontais
(ROBERTS; DARVEAU, 2015), enquanto um desequilibrio, induzido principalmente pela
presenca constante de biofilme disbidtico, pode levar a destrui¢do dos tecidos periodontais
(VAN DYKE; SERHAN, 2003).

O tratamento da gengivite e periodontite baseia-se na remocao do biofilme disbidtico,
orientacdo de higiene bucal e acompanhamento clinico periddico. Com a remocéo do biofilme
dishiotico espera-se que a inflamacao seja controlada e os tecidos periodontais voltem a ter
salde (LINDHE; LANG, 2018). A auséncia de sinais de processos inflamatorios no periodonto,
como edema, eritema, sangramento e supuracdo, caracteriza a salde periodontal e sua
manutencdo € essencial para o funcionamento e preservacdo de todos os tecidos periodontais
(CHAPPLE et al., 2018).

2.2.2 Periodontopatdgenos e resposta imunoinflamatdria periodontal

O biofilme disbiotico é constituido por numerosas espécies bacterianas, que interagem
entre si para criar um meio propicio a sobrevivéncia e proliferacdo microbiana. Diversos
estudos mostraram espécies bacterianas chave para o aparecimento e progressao da periodontite
como Porphyromonas gingivalis (SOCHALSKA; POTEMPA, 2017), Tannerella forsythia
(MAHALAKSHMI; KRISHNAN; CHANDRASEKARAN, 2018) e Aggregatibacter
actinomycetemconmitans (AKRIVOPOULOU et al., 2017), embora varias outras espécies
também apresentem importantes fatores de viruléncia para a doenca (ATA-ALI et al., 2015).
Os microrganismos do biofilme dental disbidtico sdo capazes de produzir substancias lesivas
como o LPS, que estimulam a producéo de mediadores inflamatérios pelas células do sistema
imunolégico, iniciando a progressdo das doencas periodontais (KANTRONG; TO;
DARVEAU, 2019). Os periodontopatégenos também produzem toxinas capazes de destruir 0s
tecidos periodontais (KINANE; STATHOPOULOU; PAPAPANOQOU, 2017). O biofilme
dishiotico é organizado com uma estrutura complexa, onde existe a cooperacéo e coagregacao

entre as bacteérias, o que acelera o crescimento do biofilme dental e serve como mecanismo de
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defesa e de evasdo do sistema de defesa do hospedeiro (ALBANDAR, 2002; JAKUBOVICS
etal., 2021).

A presenca de Pg no biofilme esta intimamente relacionada aos danos teciduais na
doenca periodontal. Dentre os mecanismos de viruléncia apresentados pela Pg, podemos
destacar a producdo de enzimas proteoliticas e a expressdo de adesinas, denominadas
gingipains, as quais auxiliam na adesdo, aquisicdo de nutrientes e evasdo do sistema
imunoldgico do hospedeiro (OLCZAK et al., 2005; POTEMPA,; PIKE, 2009; SHEETS et al.,
2008; ZHU et al., 2013).

Um estudo in vitro sobre a interacdo patdgeno e hospedeiro mostrou que estimulagéo
com Pg induz aumento significativo da producdo de espécies reativas do oxigénio (ROS) e
aumento de cerca de 33 vezes na produc¢édo da quimiocina interleucina-8 (IL-8) por neutrofilos
(JAYAPRAKASH et al., 2015). Outro estudo mais antigo demonstrou que a estimulacéo de
neutréfilos circulantes de pacientes com periodontite agressiva com LPS de Pg aumentou
significativamente a resposta dessas células e a producdo de ROS (SHAPIRA;
WARBINGTON; VAN DYKE, 1994). Ling, Chapple e Matthews (2015) observaram que
neutrofilos de pacientes com periodontite crénica exibiram hiperatividade e liberaram mais
citocinas pro-inflamatdrias na presenca de Pg que neutrofilos de individuos saudaveis,
sugerindo que a presenca deste periodontopatdgeno estimula a liberacdo de mediadores
inflamatorios responsaveis pela progressao da doenca periodontal.

Durante a progressdo da periodontite as respostas imunes inatas e adaptativas do
hospedeiro sdo ativadas e, diante do complexo sistema de interacdo entre patdgenos e
hospedeiro, séo liberados inumeros mediadores inflamatérios que afetam diretamente o curso
da doenga (PRESHAW:; TAYLOR, 2011). Diversas citocinas pro-inflamatorias, como fator de
necrose tumoral (TNF), interferon-gama (IFN-y), interleucina-1f (IL-1p), interleucina- 6 (IL-
6), interleucina-12 (IL-12) e interleucina- 17 (IL-17), e citocinas anti-inflamatdrias, como
interleucina-10 (IL-10) e interleucina- 4 (IL-4), participam desse processo (DUARTE et al.,
2015). O curso clinico da doenca periodontal é influenciado pela resposta do hospedeiro aos
produtos bacterianos e as variagdes no curso da doenca podem ocorrer devido a fatores de risco
individuais, que podem ser comportamentais, sistémicos ou genéticos (CANDEL-MARTI et
al., 2011; KINANE; STATHOPOULOU; PAPAPANOU, 2017).

As células presentes na resposta imune inata apresentam receptores de reconhecimento
de padrdes (PRRs), que identificam padrdes moleculares gerais encontrados nos patdégenos
(padrBes moleculares associados a patdgenos, PAMPs) (MYSAK et al., 2014). O LPS é um
componente da parede celular das bactérias Gram-negativas e um exemplo de PAMP. As
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células do sistema imune inato utilizam os TLRs (toll like receptors), para reconhecimento de
LPS e inicializacdo da resposta imune protetora (ALQALLAF et al., 2018; ILANGO et al.,
2016; ZHANG,; LI, 2015).

O LPS de Pg pode ser reconhecido por diversas células do periodonto, como
fibroblastos, macréfagos, células epiteliais e endoteliais. TLR2 e TLR4 sdo os principais
receptores da resposta imune inata para o reconhecimento de componentes da parede celular de
bactérias gram-negativas, como o LPS de Pg, participando ativamente da patogénese da
periodontite (GADDIS; MICHALEK; KATZ, 2009; HAROKOPAKIS; HAJISHENGALLIS,
2005; HERATH et al., 2013; MAHANONDA et al., 2007; MATERA et al., 2009), por
estimular a producdo de citocinas pr6 e anti-inflamatérias que iniciam 0s processos
inflamatdrios (SCHAEFER et al., 2004; UEHARA; TAKADA, 2007). O reconhecimento de
LPS por macréfagos exige a ligacdo ao TLR4 em sinergismo com os receptores CD14 e MD-2
(NAGAI et al., 2002).

Estudos mostraram que LPS de P. gingivalis pode se ligar tanto a TLR2 quanto a TLR4,
mas com afinidades e respostas celulares diferentes. Burns et al. (2006), utilizando
camundongos deficientes para TLR2 ou para TLR4 estimulados com Pg, mostraram que alta
producdo de citocinas é dependente de TLR2. Outro estudo mostrou que sdo necessarias
grandes concentragdes de LPS de Pg para ativacdo celular via TLR4, enquanto concentracfes
baixas ou altas de LPS sdo capazes de ativar as células via TLR2 (LIN et al., 2017). Quando
existe a combinacdo de lipidio-A com gingipains ou peptideoglicanos, a ativacdo do TLR4 pode
ser facilitada (SUN et al., 2010). A ativacao de TLR4 pode induzir leucécitos a estimular outras
células como os fibroblastos gengivais a produzirem citocinas como a IL-1 (WANG et al.,
2000). Devido a dificuldade de ativacdo do TLR4, estudos sugerem que o LPS de P. gingivalis
pode atuar como um agonista fraco e até como um antagonista do receptor TLR4, modulando
a ativagéo da resposta imune (JAIN; DARVEAU, 2010). Entretanto, durante a progresséo da
doenca periodontal, TLR4 € necessario para ocorréncia de perda 6ssea, como demonstrada em
um estudo em camundongos (LIN et al., 2017). Foi demonstrado ainda que LPS de P. gingivalis
ativa diferentemente a via de sinalizagdo NF-kB mediada por TLR4 e modula a producéo de
IL-6 e interleucina- 8 (IL-8) em fibroblastos gengivais humanos (HERATH et al., 2013). Em
macrofagos expostos ao LPS de P. gingivalis, TLR2 estimula muito a producdo de citocinas,
mas a ativagdo de TLR2 e TLR4 concomitantemente aumenta ainda mais essa produgdo (ZHOU
et al., 2005).

O controle dos processos imunoinflamatérios nos tecidos periodontais envolve a

producdo de citocinas por diversos tipos celulares. As citocinas séo polipeptidios
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multifuncionais que atuam como fatores de regulagdo intercelular tanto em nivel local como
sisttmico. Sdo produzidas principalmente por células do sistema imunol6gico, como
neutrofilos, mondcitos macrdfagos e linfocitos T, em regides com inflamacéo tecidual. Outros
tipos celulares do tecido periodontal, como fibroblastos e células endoteliais, também
produzem citocinas durante a resposta inflamatoria. A saude periodontal depende do equilibrio
local entre a producdo de diversas citocinas, as quais estdo envolvidas no combate aos
microrganismos, protecao e destruicao tecidual (TAMAL; SUGIYAMA; KIYOURA, 2011).

Diversos estudos apontam as citocinas como importantes mediadores associados a
patogénese da periodontite. Produtos bacterianos, como LPS da parede celular das bactérias
Gram-negativas, induzem a sintese de citocinas pro-inflamatérias, como IL-1pB, IL-6, IL-8 e
TNF-a, principalmente por macrofagos (AGARWAL et al., 1995; BORMANN et al., 2010).
A IL-1B tem um papel importante na resposta imunoldgica inata, regulando a diapedese de
granulocitos e estimulando a sintese de prostaglandina (PGE2) e de metaloproteinases de matriz
(MMP) pelos fibroblastos, as quais estdo envolvidas na destruicdo da matriz extracelular do
tecido conjuntivo fibroso e do osso alveolar (BORMANN et al., 2010). O TNF-a é uma das
citocinas mais importantes no processo inflamatério da periodontite, estimulando a reabsorcéo
dssea e a ativacao de varias células (WANG et al., 2017). Em osteoblastos maduros, 0 TNF-a
inibe a expressao de genes necessarios para a formacdo dssea e induz a expressao de genes que
estimulam a osteoclastogénese e ativam osteoclastos maduros (WANG et al., 2017). Ambas,
IL-1B e TNF-o induzem a expressdao de moléculas de adesdo na superficie endotelial,
estimulando a diapedese leucocitaria e contribuindo para o estabelecimento do infiltrado
inflamatorio tecidual (TURNER et al., 2014). A citocina IL-6 também é encontrada em niveis
elevados em sitios com doenca periodontal (SHAO et al., 2009) e atua induzindo reabsor¢édo
6ssea (SCHIERANO et al., 2000). A IL-12, produzida principalmente por macrofagos e células
dendriticas, estimula células natural killer (NK) e linfécitos T a produzirem interferon-gama,
uma potente citocina responsavel pelo aumento da capacidade microbicida de macréfagos
(TURNER et al., 2014). Além disso, estimula a diferenciagdo de linfocitos Thl, importantes
no combate a microrganismos intracelulares (SHARMA et al., 2014).

As quimiocinas sdo um grupo de citocinas com fungdo de recrutar e ativar leucocitos
por meio da ligacdo a proteinas G especificas acopladas a receptores transmembrana de
superficie celular (MURPHY, 1994). Sao produzidas por vérias células no periodonto como
fibroblastos, células endoteliais, macréfagos, osteoclastos, células epiteliais, leucdcitos
polimorfonucleares, mondcitos, linfocitos e mastocitos (SILVA et al., 2007). Além de recrutar
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leucdcitos do sangue, as quimiocinas também modulam a acdo dos osteoclastos (GRAVES,
2008).

A quimiocina CCL-2 € uma das mais potentes indutoras do recrutamento de mondcitos
do sangue para o tecido extravascular (DEZEREGA et al., 2010; HANAZAWA et al., 1993).
Nos tecidos com doenca periodontal, a CCL-2 é produzida por células endoteliais, fibroblastos
e fagocitos mononucleares (LEONARD; YOSHIMURA, 1990). Os niveis desta quimiocina
ficam aumentados no fluido crevicular em pacientes com doenca periodontal severa (YU;
ANTONIADES; GRAVES, 1993).

Outra quimiocina envolvida na doenca periodontal é a IL-8, a qual é secretada por
diversas células nos tecidos periodontais como macrofagos, mondcitos, neutréfilos, células
endoteliais e fibroblastos gengivais. Atua como potente citocina quimiotatica e ativadora de
neutrofilos, além de estimular a formacdo de osteoclastos (FINOTI et al., 2017). Embora
exposicao inicial ao LPS de P. gingivalis estimule a producdo de IL-8 por mondcitos, foi
demonstrado que a reestimulacdo dessas células com o LPS reduz a producéo dessa citocina
(MUTHUKURU; JOTWANI; CUTLER, 2005).

Ao contrério das citocinas descritas anteriormente, a IL-10 exerce efeito anti-
inflamatorio, limitando as respostas imunes e reduzindo os danos teciduais (ROMAGNANI,
2002). Inibe a secrecéo das citocinas IL-1, IL-6, IL-8 e TNF-a e a expressdo de moléculas co-
estimulatdrias e apresentadoras de antigenos em diferentes tipos celulares (ATA-ALI et al.,
2015; ROMAGNANI, 2002; SCHIERANO et al., 2000). A IL-10 inibe ainda a atividade de
macrofagos e linfocitos T, a geracdo de radicais livres, a osteoclastogénese e a angiogénese
(ROMAGNANI, 2002).

Vaérios estudos revelaram o aumento na producdo de TNF-a, IL-1p e IL-10 por
macrofagos apés estimulagdo com Pg ou com seus fatores de viruléncia (HOLDEN et al., 2014;
KIM et al., 2018; SUN et al., 2012; SUN et al., 2014). Entretanto, a exposi¢do de macrdéfagos
a diferentes fatores de viruléncia de Pg isoladamente ou a celula microbiana inteira pode
determinar efeitos bioldgicos diferentes (BAEK et al., 2015; EICK et al., 2006). Além disso,
esses autores verificaram que a estimulagdo de macréfagos por LPS de P. gingivalis ndo foi
capaz de aumentar a expressdo de TLR2 e TLR4 por essas células.

A estimulacédo bacteriana nos tecidos periodontais € persistente no desenvolvimento da
periodontite e a exposi¢do do sistema imunolodgico a patdgenos, pode induzir um estado de
hiporresponsividade a estimulos subsequentes, conhecido como tolerancia a endotoxinas. A

tolerdncia a endotoxina é uma reprogramacdo do sistema imunoldgico, que resulta em
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diminuicdo dos niveis de citocinas pré-inflamatdrias, incluindo TNF-a e IL-1$ ¢ aumento das
citocinas anti-inflamatérias como a IL-10 (XIONG et al., 2015; ZHANG et al., 2012).

A inibicdo da liberacdo excessiva de mediadores inflamatdrios pode ser utilizada para
restringir a lesdo imune e manter a homeostase periodontal. Este € um mecanismo protetor na
progressao da periodontite. Mas a diminuicdo de mediadores inflamatérios pode comprometer
a capacidade do hospedeiro resistir as bactérias (MEDVEDEV et al., 2006).

2.2.3 Fagécitos na doenca periodontal

Quando ocorre qualquer injuria aos tecidos periodontais os neutréfilos maduros sdo os
primeiros leucdcitos a serem recrutados do sangue, concentrando-se na regido do sulco gengival
(COOPER; PALMER; CHAPPLE, 2013). Uma variedade de fatores quimiotaticos produzidos
pelas células do periodonto, como leucotrieno B4, Cba, IL-8, além de peptideos anti-
bacterianos sdo responsaveis por provocar uma rapida neutrofilia, aumentar a adesdo ao
endotélio dos vasos, induzir a diapedese e atrair os neutrofilos para o local da infeccdo
(BORREGAARD, 2010; FURZE; RANKIN, 2008).

Ao fagocitarem microrganismos, 0s neutrofilos liberam granulos citoplasmaticos
contendo enzimas e mediadores inflamatorios, geram ROS e produzem citocinas que
contribuem para o combate aos periodontopatdgenos, ativacdo de monacitos e linfécitos T, o
que amplifica a cascata de sinais e afeta os neutrofilos (SCOTT; KRAUSS, 2012; SHIN; CHOI,
2008).

Os neutrofilos exercem suas fungdes antimicrobianas através da fagocitose, onde o
microrganismo é englobado em um fagossomo e, depois, enzimas liticas sdo liberadas causando
sua destruicdo. Esta eliminacdo microbiana pelos fagdcitos também ocorre por meio da
producdo de ROS pela enzima NADPH oxidase. Além de seu ataque oxidativo direto, 0s
radicais de oxigénio podem modular vérias atividades celulares que sdo importantes
mediadores na sequéncia de eventos que causam danos aos tecidos (KANTARCI; OYAIZU;
VAN DYKE, 2003). A detecgdo de produtos da exploséo respiratoria por neutrofilos pode ser
realizada por meio da incubacdo com dihidrorodamina 123 (DHR123), um substrato que é
oxidado pelo peroxido de hidrogénio, gerando rodamina fluorescente (RICHARDSON et al.,
1998).

A explosdo respiratoria em neutrdéfilos é uma importante estratégia de defesa do
hospedeiro contra 0 Pg que € um iniciador da explos&o respiratdria e causa o0 aumento de ROS
por neutrofilos (AL-SHIBANI et al., 2011; GOLZ et al., 2014). Durante a explosao respiratoria
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em neutrofilos ocorrem varias reagdes nas quais 0s ions superdxidos sdo gerados pela atividade
de NADPH oxidase. Em seguida, esses ions sdo metabolizados em peroxido de hidrogénio,
acido hipocloroso, radicais hidroxila e outros. Os produtos finais desta reacdo sao
extremamente toxicos para 0s microrganismos e podem gerar danos nos tecidos (EL-BENNA,;
DANG; GOUGEROT-POCIDALO, 2008; KOVACS et al., 2014; MOREL; DOUSSIERE;
VIGNAIS, 1991). A liberacdo desses produtos antimicrobianos deve ocorrer de maneira
controlada para ndo ocasionar danos aos tecidos do hospedeiro (SCOTT; KRAUSS, 2012;
SHIN; CHOI, 2008). Estudos sugerem que a progressdo da doenca periodontal pode estar
associada a resposta descontrolada dos neutrofilos em individuos susceptiveis
(JAYAPRAKASH et al., 2015).

Outra forma de defesa dos neutréfilos é atraves da producéo de exsudatos extracelulares,
chamados de armadilhas extracelulares de neutréfilos (NETS), em uma tentativa de reduzir
infecgBes por bactérias aprisionadas nos tecidos (BRINKMANN et al., 2004). Os NETs
apresentam em sua composicao histonas bactericidas, defensinas, elastase, proteina de ligacéo
a heparina, catepsina G, lactoferrina e mieloperoxidase (SCOTT; KRAUSS, 2012; URBAN et
al., 2009). Alguns dos componentes dos NETs sdo produzidos durante a fagocitose e ampliam
0 espectro antimicrobiano extracelular (BRINKMANN et al., 2004). Os NETSs s&o induzidos
por produtos microbianos, complexos imunes, autoanticorpos e citocinas (CXCL8, TNF e
interferons) (KAPLAN; RADIC, 2012).

Neutrofilos expressam em suas membranas um grupo de moléculas denominadas CD66
(SKUBITZ; CAMPBELL; SKUBITZ, 1996). A glicoproteina CD66b € altamente expressa na
superficie de granulécitos e se liga a um ligante especifico, galactina-3, que induz forte adeséo
celular, geracdo de superdxidos e desgranulacdo (YOON; TERADA; KITA, 2007). A
sensibilizacdo de CD66b ativa neutrofilos e induz aumento de célcio intracitoplasmatico e
explosdo oxidativa (LUND-JOHANSEN et al., 1993), exocitose de granulos especificos
(DUCKER; SKUBITZ, 1992) e liberagdo de citocinas pro-inflamatérias (BEAUCHEMIN et
al., 1999; SCHRODER et al., 2006). A iniciacdo da explosdo respiratéria em neutréfilos
depende da sinalizacdo de CDG66.

O CD66b glicosilado pode ser um receptor para moléculas do tipo lectinas geradas por
células inflamatorias. Macrofagos e mastocitos liberam galectina-3 que induz a producao de
mediadores pré-inflamatorios por eosinofilos através do CD66b (FRIGERI; LIU 1992; LIU et
al., 1995). O CD66b interage com outras moléculas da membrana, formando complexos de
macromoléculas envolvidos na sinalizacdo intracelular e ativacdo de granuldcitos
(HAMMARSTROM, 1999).
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A desgranulagdo de neutrofilos libera vérias enzimas, como a elastase e a colagenase,
que podem degradar elastina, coldgeno, proteinas da matriz extracelular e fibronectina
(HENSON; JOHNSTON, 1987). Os fragmentos de peptideos liberados pela degradacéo dos
componentes da matriz extracelular promovem a quimiotaxia de mondcitos, potencializando
ainda mais o processo imunoinflamatério (KANTARCI; OYAIZU; VAN DYKE, 2003).

Os macrofagos sdo umas das células mais importantes para a defesa contra os patégenos
periodontais (LIU et al., 2014; RUCKERL,; ALLEN, 2014; YANG et al., 2014). Os mondcitos
migram da corrente sanguinea para os tecidos infectados onde se tornam macréfagos e sdo
ativados pelas bactérias periodontais e seus produtos. Depois da ativagdo dos macréfagos ocorre
a fagocitose das bactérias e liberacdo de proteases como MMPs e colagenases, que danificam
0 tecido conjuntivo periodontal. Os mondcitos também liberam prostaglandina (PGE2) e
citocinas, como IL-1, IL-6, que promovem a maturacdo dos osteoclastos e reabsor¢do 6ssea
alveolar (ARANGO; DESCOTEAUX, 2014; CHARON; TOTO; FINE, 2009; GARGIULO,
1981).

Os mondcitos também contribuem para a destruicdo dos tecidos periodontais,
secretando altos niveis de MMP, ROS, TNF, IL-1, IL-6 e RANK-L, que amplificam a resposta
inflamatoria para controlar a infeccdo bacteriana, mas ocasionam destruicdo dos tecidos
periodontais (CROTTI et al., 2015; KAYAL, 2013; SEGUIER et al., 2001; VARANAT et al.,
2017).

Os mondcitos desempenham funcdo importante no processo imunoinflamatorio,
homeostase e reparo tecidual em diferentes processos patologicos (BOYETTE et al., 2017). A
existéncia de diferentes subpopulagdes de mondcitos no sangue humano ja esta bem
estabelecida e essas podem ser identificadas fenotipicamente pela expressao dos marcadores
CD14 e CD16 (ZIEGLER-HEITBROCK et al., 2010). Assim, subtipos de mondcitos sao
classificados como classicos (CD14*CD16°), que representam de 80-90% dos mondcitos do
sangue periférico, intermediarios (CD14*CD16%) e ndo classicos (CD14"°“*CD16") e estas
células tém mostrado fenotipo e funcdo distintos, com perfis de producdo de citocinas e
potencial de apresentacdo de antigenos diferentes (BOYETTE et al., 2017; ZIEGLER-
HEITBROCK, 2007; ZIEGLER-HEITBROCK et al., 2010). Mondcitos classicos sdo menos
diferenciados, enquanto os monaocitos néo classicos séo derivados de monacitos classicos e séo
mais maduros (ZIEGLER-HEITBROCK et al., 2010), respondem de forma deficiente a sinais
bacterianos e sdo mais responsivos a sinais associados a virus (CROS et al., 2010). O padrédo
de antigenos de superficie dos mondcitos ndo classicos se assemelha em muitos aspectos ao
padrdo observado em macrofagos nos tecidos (PASSLICK; FLIEGER; ZIEGLER-
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HEITBROK, 1989). Adicionalmente, mondcitos intermediarios apresentam perfil mais pro-
inflamatorio, alta expressao de citocinas pro-inflamatérias e capacidade de apresentacdo de
antigenos (ZIEGLER-HEITBROK, 2007).

O tempo de vida dos mondcitos é curto e foi demonstrado que mondcitos nao classicos
vivem tempo maior que os classicos. Monocitos ndo classicos acumulam-se em locais de
infecgdo cronica e produzem baixos niveis de citocinas pré-inflamatdrias e altos niveis de
citocinas anti-inflamatéria (THOMAS et al., 2015). Com base em suas caracteristicas
fenotipicas e funcionais, os macréfagos também sdo classificados como macréfagos pro-
inflamatérios (M1) e macréfagos anti-inflamatérios ou de resolugdo (M2) (MARTINEZ;
GORDON, 2014)

O subtipo M1 esta associado com producdo de IL-12 e IL-8 e ativam linfocito T
auxiliares do tipo 1 (Thl), enquanto os macrofagos M2 estdo associados a producéo de fator de
crescimento transformador beta (TGF-p), fator de crescimento endotelial vascular (VEGF) e
fator de crescimento epidérmico (EGF) e ativacao de linfocitos T auxiliares do tipo 2 (LTh2),
um subtipo linfocitario secretor de citocinas anti-inflamatérias (ALBINA et al., 1989; MILLS
2001; MILLS, 2012; MILLS 2015). ApoGs agressdo, os macrofagos alcancam os tecidos
extravasculares por meio da diapedese e, inicialmente, a ativacdo dos macrofagos M1 leva a
producdo de TNF e IL-12, contribuindo para a ativacdo dos processos inflamatérios
(ITALIANI; BORASCHI, 2014). J& na fase de resolucdo do processo inflamatorio, os
macrofagos M2 sdo ativados e secretam 1L-10, TGF-B e outros fatores de crescimento, como
VEGF, que induzem angiogénese e producdo da matriz extracelular, contribuindo para o reparo
tecidual (DAS et al., 2015; MARTIN; LEIBOVICH, 2005; SERHAN, 2007).

Um estudo avaliando subpopulacdes de mondcitos e macréfagos em tecidos
periodontais de individuos com e sem doenga periodontal mostrou maior prevaléncia de
monacitos intermediarios e ndo classicos em tecidos afetados pela periodontite. Mostrou ainda
maior prevaléncia de macrofagos M1 em relacdo a M2 em pacientes com periodontite, 0 que
pode diminuir a reparacao tecidual no local (ALMUBARAK et al., 2020).

2.3 Efeitos dos bisfosfonatos em células imunocompetentes

Os bisfosfonatos podem ter efeitos diretos em células da linhagem dos mondcitos e
macrofagos in vivo. Por possuirem um grupo fosfato com carga negativa, os BF ndo conseguem
atravessar a membrana plasmaética das células, necessitando serem endocitados para a sua

absorcéo celular (THOMPSON et al., 2006). Apos a internalizacdo em vesiculas endociticas, a
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acidificacdo dessas vesiculas permite a liberacdo dos BF para o citosol. Estudos in vitro
mostram que células altamente endociticas, tais como macréfagos e monadcitos, apresentam
maiores niveis de absor¢do intracelular e sdo mais sensiveis as acdes dos BF. Em menor
proporcao, outras células como linfocitos, osteoblastos e células do cancer de mama também
sofrem efeito dos BF (ROELOFS et al., 2009). Além dos osteoclastos, mondécitos e macr6fagos
na medula 6ssea também mostraram absor¢do de BF detectavel por analogos de risedronato
fluorescente in vivo (CHANG et al., 2008).

Estudos mostraram que as duas principais classes de BF tém diferentes efeitos diretos
na producdo de citocinas por células monociticas/macrofagicas. Em macr6fagos RAW 264
ativados por LPS de Escherichia coli, os BF néo nitrogenados, clodronato na concentragéo de
110 mM e etidronato na concentracdo 1000 mM, reduziram a producdo de IL-1p ¢ IL-6,
enquanto os BF nitrogenados, alendronato 100 mM e pamidronato 300 mM, aumentaram a
producéo dessas citocinas (MAKKONEN et al., 1999; PENNANEN et al., 1995; TOYRAS et
al., 2003). Outro estudo mostrou que a adigdo de zoledronato a 25 ug/ml aumentou
significativamente a expressdo de IL-1f por macrofagos RAW 264 (YANG et al., 2020).
Estudos em modelos animais mostraram que a administracdo de alendronato na concentracao
de 40 uM/kg de peso corporal foi capaz de aumentar a producdo de IL-1a e IL-1p na cavidade
peritoneal de camundongos estimulados por LPS de E. coli (SUGAWARA et al., 1998).
Adicionalmente, um estudo com camundongos mostrou que alendronato, a 40 uM/Kg peso
corporal, foi capaz de aumentar a producdo de IL-1pB em diversos 6rgdos, como figado, pulméo
e baco, sem, contudo, alterar sua concentracdo no plasma (DENG et al., 2005). Outro estudo
mostrou que BF nitrogenados induzem aumento da concentracdo das citocinas IL-1a e IL-1P
no plasma de camundongos BALB/c estimulados com LPS de E. Coli ou de Prevotella
intermedia, embora a adi¢do desses BF na auséncia de LPS ndo tenha sido capaz de afetar os
niveis dessas citocinas no plasma dos camundongos (YAMAGUCHI et al., 2000).

Em humanos, a administracdo de alendronato 70mg via oral ou de acido zoledrénico
5mg endovenoso leva ao aumento na concentracdo das citocinas pré-inflamatorias IL-1a, IL-
1B, IL-6 e TNF-a no plasma sanguineo, em curto prazo (TALAAT et al., 2015), embora a
administracdo prolongada possa suprimir essa producdo (VON KNOCH et al., 2005).

Um estudo em macacos mostrou que a utilizacao de doses de 0,25 mg/kg de alendronato
intravenoso como terapia complementar na inibicdo de perda dssea na periodontite, induziu
maior producado das citocinas IL-1p e IL-6 nos tecidos periodontais, prejudicando o controle da
inflamacéo periodontal (WEINREB et al., 1994).
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2.4 Utilizag&o tdpica dos bisfosfonatos no tratamento periodontal

Estudos em humanos mostraram que a utilizacdo do alendronato por via sistémica ou
topica, como coadjuvante no tratamento periodontal, contribui para a diminuicdo da
profundidade de sondagem e da mobilidade dental (BADRAN et al., 2009; CHEN et al., 2016).

Diversos estudos avaliaram os efeitos do uso tépico de Ale como adjuvante no
tratamento periodontal ndo cirdrgico. Foram observadas reducdes no sangramento a sondagem,
perda de insercdo clinica e profundidade de sondagem, apds a sua utilizacdo (DUTRA et al.,
2017; PRADEEP et al., 2012; PRADEEP et al., 2013).

Um estudo avaliando 73 pacientes com periodontite cronica e idades entre 30 e 50 anos
mostrou que a utilizacdo topica de alendronato na forma de gel a 1%, durante 6 meses,
promoveu reducao significativa na profundidade de sondagem e melhoria do nivel de insercéo
clinica (SHARMA; PRADEEP, 2012). Outro estudo do mesmo grupo de pesquisa avaliou a
utilizacdo topica do Ale na forma de gel a 1% no tratamento da periodontite cronica em 52
mulheres tabagistas, de 30 a 50 anos, durante 2 e 6 meses de tratamento. Os resultados
mostraram que a utilizacdo do Ale melhorou significativamente os padrbes clinicos e
radiograficos no controle da doenca periodontal quando comparado ao placebo. Os pacientes
ndo fizeram utilizacdo de antibioticos ou antiinflamatérios (SHARMA; RAMAN; PRADEEP,
2017).

Outro estudo, também utilizando Ale topico na forma de gel a 1%, durante um periodo
de 6 meses, em pacientes de 30 a 50 anos, fumantes e ndo fumantes, com periodontite crénica,
mostrou melhora nos parametros clinicos e radiogréficos da doenca periodontal quando
comparado ao placebo. Nesse estudo, pacientes ndo fumantes obtiveram melhores indices
clinicos e radiogréficos de satde periodontal do que pacientes fumantes, apos utilizagéo topica
do Ale (SHEOKAND; CHADHA; PALWANKAR, 2019).

A administracédo topica de gel de Ale a 1% no tratamento de pacientes com periodontite
crénica e diabetes mellitus também promoveu, apos 2 e 6 meses, melhora no nivel de insercéo
clinica e diminuicdo da profundidade de sondagem quando comparada ao grupo placebo
(PRADEEP et al., 2012).

Em pacientes com periodontite agressiva, a utilizacdo tépica de Ale em gel a 1% como
adjuvante do tratamento por meio de raspagem e alisamento radicular em 52 defeitos 0sseos
mostrou melhoria significativa dos pardmetros clinicos e radiograficos, como profundidade de
sondagem, nivel de inser¢do clinica e ganho 6sseo nos defeitos, apés 2 e 6 meses, em

comparacdo com os defeitos que receberam o placebo (SHARMA; PRADEEP, 2012).
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Resultados positivos também foram encontrados para a utilizagdo topica do gel de Ale
a 1% como adjuvante no tratamento cirargico da periodontite. Um estudo avaliando 32
pacientes mostrou melhoria significativa no sangramento a sondagem, profundidade de
sondagem e nivel de insercéo clinica apos 2 e 6 meses de tratamento com alendronato, quando
comparado ao grupo placebo (DUTRA et al., 2017).

Mais recentemente, um estudo envolvendo 40 pacientes com idades entre 30 e 50 anos,
avaliou o efeito topico de outro BF, o acido zoledrénico, em gel a 0,05% como adjuvante no
tratamento da doenca periodontal. Ap6s 6 meses, 0 grupo tratado com &cido zoledrénico
também mostrou melhoria significativa nos parametros clinicos: profundidade de sondagem,
indice de placa, nivel de insercdo clinica e nivel de gengiva inserida (GUPTA et al., 2018).

O uso topico dos BF como terapia complementar no tratamento de doencas periodontais
e periimplantares mostra-se promissor, embora haja escassez de estudos avaliando efeitos
dessas drogas na atividade de células que participam dos processos inflamatérios periodontais.
Além disso, a utilizacdo topica de BF apresenta beneficios, pois gera menor exposi¢do da droga
ao tecido 6sseo, evitando o surgimento de osteonecrose dos maxilares, como ocorre em casos
de administracao sisttmica (PRADEEP et al., 2012; SOILEAU, 2006).



37

3 HIPOTESES

A utilizacdo tdpica de alendronato a 1% como adjuvante no tratamento da doenca
periodontal tem mostrado efeitos significativos na melhoria de pardmetros clinicos e
radiogréaficos. Entretanto, como os bisfosfonatos também atuam em células ndo osteoclasticas,
como os fagocitos, as quais participam ativamente dos mecanismos de combate aos
microrganismos periodontopatogénicos e de manutencdo da integridade tecidual, torna-se
relevante o estudo dos efeitos dessas drogas na atividade dessas células. Na literatura ha
escassez de estudos avaliando os efeitos celulares e moleculares do Ale em células
imunocompetentes estimuladas com periodontopatgenos.

As hipoteses testadas neste trabalho foram: (1) concentracdo de uso topico de Ale a 1%
reduz significativamente a expressdo de intermediérios reativos do oxigénio e TLRs por
granulécitos e monaocitos humanos estimulados in vitro com P. gingivalis; (2) Ale a 1% reduz
significativamente a producdo de citocinas pré-inflamatorias e aumenta a de citocinas anti-
inflamatorias em granuldcitos e mondcitos humanos estimulados com P. gingivalis; (3) Ale a
1% afeta de modo distinto a expressdo de moléculas envolvidas na inflamacéao periodontal por
granulécitos e mondcitos estimulados e ndo estimulados com P. gingivalis; (4); Ale a 1% afeta
de modo distinto a expressdo dessas moléculas por diferentes subpopulagdes de mondcitos

humanos estimulados por P. gingivalis.
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4 OBJETIVOS

4.1 Objetivo geral

Avaliar o efeito do alendronato de sédio em concentracdo de 1% na atividade de

granulécitos e mondcitos humanos estimulados com Porphyromonas gingivalis.

4.2 Objetivos especificos

a) avaliar a viabilidade celular de granuldcitos e mondcitos expostos a concentracao
de 1% de alendronato de sédio e estimulados in vitro com P. gingivalis;

b) determinar e comparar o efeito do alendronato de sédio na producéo de espécies
reativas do oxigénio e na expressdo de TLR2, TLR4 e das citocinas IL-1p, IL-8,
IL-10, TNF e TGF-B1 por granulécitos e mondcitos humanos estimulados e ndo
estimulados com P. gingivalis, in vitro;

c) determinar e comparar o efeito do alendronato de sodio na expressao das citocinas
IL-1B, IL-8, IL-10, TNF e TGF-B1 por subpopulagdes de monocitos humanos

estimulados e ndo estimulados com P. gingivalis, in vitro.
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5 MATERIAL E METODOS

5.1 Alendronato de Sédio

Neste estudo foi utilizado alendronato de sodio (Rini Life Science Pvt. Ltda, India) (Ale)
na concentragédo final de 1% (0,03M) nas culturas celulares. O Ale foi dissolvido em meio
Roswell Park Memorial Institute (RPMI 1640) (Sigma Aldrich), momentos antes de sua

utilizacdo.

5.2 Preparo das bactérias

Amostra de Porphyromonas gingivalis (Pg) (ATCC® 33277™, Manassas, VA, USA)
foi cultivada em meio Brain Heart Infusion Agar (BHI - Difco, Sparks, MD, USA),
suplementado com 0.1% de hemina suina (Inlab Confianga, Diadema, SP, Brazil), 0.5% de
extrato de levedura (Difco, Sparks, MD, USA) e 0.1% de menadiona (Sigma-Aldrich, St. Louis,
MO, USA), e enriguecido com 5% de sangue de carneiro (BHIA-S/E), pH 7.2. As bactérias
foram incubadas por 5 dias em camara de anaerobiose (Thermo Fisher Scientific, Waltham,
MA, USA) com atmosfera de 85% de N2, 5% COze 10% Ha, a 37°C. As coldnias foram
transferidas para tubos contendo solucéo salina, homogeneizadas e ajustadas para um ODegoonm
de 0,9 em espectrofotdmetro (Micronal, S. A., SP, Brazil). As bactérias foram entdo lavadas
com PBS e inativadas por meio de aquecimento a 100°C, por 30 minutos. As amostras foram

mantidas a -80°C para utilizagdo nos experimentos.

5.3 Amostras de sangue

Cerca de 20 mL de sangue foram coletados de dez doadores voluntarios saudaveis
através de puncao de veia periférica, utilizando-se tubos contendo heparina (Becton Dickinson
Vacutainer®, USA). Os critérios de exclusdo foram: individuos com imunossupresséo, doenca
periodontal, doenca infecciosa sistémica, tabagistas, etilistas crénicos, doenga autoimune,
doencas inflamatdrias cronicas ou que estiveram realizando tratamento com quimioterapicos,
antineoplasicos, drogas antibioticas, imunossupressoras ou anti-inflamatorias nos ultimos 30
dias. Todos os voluntarios foram examinados clinicamente para verificar a auséncia de doenga

periodontal. Este trabalho foi aprovado pelo Comité de Etica em Pesquisa da Pontificia



42

Universidade CatoOlica de Minas Gerais (CAAE: 61550216.0.0000.5137) e conduzido de

acordo com as normas vigentes.

5.4 Tratamento com alendronato de sddio e estimulagdo com P. gingivalis

Com base na concentracao de alendronato de sodio utilizada clinicamente no tratamento
periodontal, foi definida a concentracdo final de 1% (0,03M) nas culturas de curta duracao.
Experimentos prévios realizados pelo nosso grupo de pesquisa mostraram que essa
concentracdo nao afeta significativamente a viabilidade celular de granuldcitos e mondcitos
humanos. Amostras de 1mL de sangue de cada doador foram transferidas para tubos de
polipropileno e, em seguida, foi adicionado Ale em concentragéo final de 1%. As amostras
foram mantidas em estufa a 37°C, 5% CO., por 2 horas. Em seguida, foi adicionado Pg em
concentragdo final de 5x10° UFC/mL e as amostras incubadas por mais 6 horas em estufa de
CO.. A concentragdo de Pg para estimulacdo leucocitaria foi determinada previamente pelo
nosso grupo de pesquisa. Quatro horas antes do final da incubacdo, nos tubos destinados a
imunomarcacao de citocinas em todos 0s grupos experimentais, foi adicionada Brefeldina A (1
ug/ml) (eBiociensce, San Diego, CA, USA), a qual inibe o transporte de vesiculas
intracelulares, concentrando as citocinas do complexo de Golgi e permitindo a deteccdo das
citocinas imunomarcadas.

Ao final dos tratamentos, as amostras de sangue foram transferidas para tubos cénicos
de 50 mL e foram adicionados 20 mL de solucdo de lise (8,26 g/L NH4Cl; 1g/L KHCO3; 37,2
mg/L Na;EDTA), para cada 1mL de sangue. As amostras foram incubadas por 15 minutos, em
temperatura ambiente, ao abrigo da luz, em agitacdo suave, para a lise das hemécias. Apos
centrifugacdo a 600g, por 10 minutos, a 4°C, o sobrenadante foi descartado e as células lavadas
duas vezes com tampdo fosfato-salina (PBS), por meio de centrifugagdo. As células foram
ressuspendidas em PBS e distribuidas em pogos de placas de 96 pocos de fundo em “U”, para
imunomarcacdo. Em cada pogo foram adicionadas células em quantidade proporcional ao
volume de 400 uL de sangue.

Dois grupos experimentais foram obtidos: células estimuladas ou ndo com Pg. Em cada
grupo foi avaliado o efeito do Ale na expressdo dos marcadores, obtendo-se assim quatro
condicdes experimentais: Controle (RPMI); Ale (Alendronato de sodio a 1%); Pg (P.

gingivalis); Ale + Pg (Alendronato de sodio + P. gingivalis).
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5.5 Andlise da viabilidade celular

A viabilidade celular foi avaliada utilizando-se marcacdo com Live/Dead. As células
foram incubadas por 30 minutos, a 4°C, com Live/Dead (bv421) (Thermo Fisher Scientific,
Waltham, MA, USA) e anticorpos anti-CD14 (FITC, clone M5E2, BioLegend) e anti-CD66b
(PE, clone G10F5, BiolLegend) para identificacdo fenotipica de mondcitos e granulécitos,
respectivamente. Em seguida, as células foram lavadas com PBS 0,5% soro fetal bovino (SFB),
fixadas com formaldeido 2% em PBS, por 15 minutos, a temperatura ambiente, e lavadas
novamente com PBS. As células foram mantidas a 4°C, até aquisicdo de 100.000 eventos por
tubo no citdometro de fluxo FACSCanto Il (Becton Dickinson, New Jersey, USA).

5.6 Avaliacéo da producédo de espécies reativas do oxigénio

Para avaliacdo da producédo de espécies reativas do oxigénio, especialmente peroxido
de hidrogénio, as células foram incubadas, por 30 minutos, a 4°C, com anticorpo anti-CD14
(FITC, clone M5E2, BiolLegend), anticorpo anti-CD66b (PE, clone G10F5, BiolLegend),
dihidrorodamina 123 (DHR123) (Life Technologies, Molecular Probes, Oregon, USA) e
Live/Dead (bv421) (Thermo Fisher Scientific, Waltham, MA, USA). Em seguida, foram
lavadas com PBS 0,5% soro fetal bovino (SFB), fixadas com formaldeido 2% em PBS, por 15
minutos, a temperatura ambiente, lavadas com PBS e mantidas a 4°C, até aquisicao de 100.000

eventos por tubo no citdmetro de fluxo FACSCanto 1l (Becton Dickinson, New Jersey, USA).

5.7 Reagdes de imunofluorescéncia para marcacao de TLR e citocinas

As células foram incubadas com Live/Dead (bv421) (Thermo Fisher Scientific,
Waltham, MA, USA) e anticorpos anti-CD14 (FITC ou APC, clone M5E2, BioLegend), anti-
CD66b (PE, clone G10F5, BiolLegend), anti-TLR2 (FITC, clone TL2.1, BioLegend) e anti-
TLR4 (APC, clone HTA125, BioLegend), durante 30 minutos, a 4°C. Em seguida, foram
lavadas com PBS 0,5% soro fetal bovino (SFB), fixadas com formaldeido 2% em PBS, por 15
minutos, a temperatura ambiente, e lavadas novamente com PBS. Apos fixacdo, as células
foram permeabilizadas com saponina 0,5% (Sigma-Aldrich, St. Louis, MO, USA), durante 15
minutos a temperatura ambiante, para marcacdo intracitoplasmatica. Foram adicionados
anticorpos monoclonais anti-IL-18 (ALEXA FLUOR 647, clone JK1B-1, BioLegend), IL-8
(PerCP-Cy5, clone BH0814, BioLegend), IL-10 (PE/Cy7, Clone JES3-19F1, BioLegend), TNF
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(PE/Cy7, clone MADb11, Biolegend) e LAP (TGF-B1) (PE/Cy7, clone TW4-2F8, BioLegend) e
as células mantidas por 30 minutos a temperatura ambiente. Apos lavagem com saponina 0,5%
e PBS, as células foram analisadas em citdmetro de fluxo FACSCanto Il (Becton Dickinson,
New Jersey, USA), com aquisicdo de 100.000 eventos por tubo. Foram adicionados aos
experimentos células ndo marcadas e controles de isotipo conjugados aos fluorocromos FITC,
PE, PE/Cy7, APC, ALEXA FLUOR 647 e PerCP-Cy5.

5.8 Citometria de fluxo

O software FlowJo X (Tree Star Inc., USA) foi utilizado para analises por citometria de
fluxo. Inicialmente foram selecionadas as células viaveis pela marcacdo Live/Dead e, em
seguida, selecionadas as células CD66b positivas (granuldcitos) e negativas. Dentro da
populacdo CD66b negativa, foi selecionada a populagdo CD14" (mondcitos). Para analisar as
diferentes subpopulac6es de mondcitos CD14", com base no grafico CD14 versus CD16, foram
selecionadas as subpopulacGes de mondcitos classicos (CD147*CD16°), intermediarios
(CD14**CD16%) e néo cléssicos (CD14'°“CD16%) (Fig. 1). As anélises da expressdo dos
marcadores foram realizadas nas popula¢des de granuldcitos (CD66b"), de mondcitos totais
(CD14") e nas subpopulagdes de mondcitos fenotipicamente identificadas. Foram quantificadas
as percentagens de células positivas e determinadas as medianas de intensidade de fluorescéncia
(MIF) para DHR123, TLR2, TLR4, IL-1B, IL-8, TNF, IL-10 e TGF-B1. Na populacio de
granuldcitos, foi avaliada ainda a MIF para CD66b. Para andlise da viabilidade celular de
granuldcitos e mondcitos, inicialmente foram selecionadas as populacdes CD66b* e CD14" e
dentro de cada uma dessas populac6es foram gantificadas as percentagens de células marcadas

para Live/Dead.

5.9 Andlises estatisticas

O teste de normalidade de Kolmogorov-Smirnov foi utilizado para verificar a
distribuicdo dos dados em cada grupo experimental. Para verificar existéncia de diferencas na
expressdo dos marcadores entre o grupo controle e o grupo estimulado com Pg e entre 0s grupos
tratados ou ndo com Ale foram utilizados os testes Wilcoxon ou t de Student pareado, com nivel
de significancia de 5%. As analises foram realizadas utilizando-se o software GraphPad Prism
5.01 (GraphPad Software, San Diego, Califérnia, EUA).
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Figura 1: Gréficos de plotagem de pontos representativos mostrando a estratégia de
analise e a selecdo da populacéo de granulécitos (CD66b*), de mondcitos totais (CD14%),

e das subpopulagbes de mondcitos, fenotipicamente identificadas
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6 ARTIGOS

6.1 Artigo Cientifico 1

Com o objetivo de avaliar o efeito de concentracdes de uso tdpico de alendronato de
sodio na atividade de granulécitos humanos estimulados com P. gingivalis, foram realizadas
incubagdes com sangue total de doadores saudaveis, imunomarcacao de moléculas envolvidas
nas respostas imunoinflamatorias e analise por citometria de fluxo. Os resultados foram
compilados na forma de artigo cientifico intitulado “Sodium alendronate affects the
expression of TLRs and cytokines by human granulocytes stimulated with Porphyromonas
gingivalis”, que sera submetido a andlise no periddico Journal of Applied Oral Sciences
(Qualis A2).

As normas para submissédo de artigos podem ser visualizadas no endereco eletronico:

https://www.scielo.br/journal/jaos/about/#instructions
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ABSTRACT

Introduction: Alendronate sodium (Ale) is a bisphosphonate widely used systemically in the
treatment of osteoporosis. Due to its bone resorption inhibition property, recent clinical studies
have shown satisfactory results from the topical use of Ale in the form of a 1% gel, as an
adjuvante in the treatment of periodontal disease. In addition to osteoclasts, phagocytes can
also be affected by bisphosphonates. Objectives: to evaluate the effect of 1% Ale on cell
viability and expression of molecules involved in immunoinflammatory responses by human
granulocytes, stimulated in vitro with Porphyromonas gingivalis (Pg). Material and Methods:
peripheral blood from 10 healthy donos was incubated with 1% (0.03M) Ale for 2 hours. Then,
Pg was added and the samples incubated for another 6 hours. After lysis of the red blood cells,
immunofluorescence and flow cytometry reactions were performed. The expressions of
CD66b, TLR2, TLR4, DHR123, IL-1B3, IL-8, IL-10 e TNF by granulocytes phenotypically
identified by the CD66b molecule were analyzed. Results: analysis by flow cytometry showed
that Ale reduced the expression of CD66b, DHR123, TLR4, IL-8 and TNF in granulocytes not
stimulated with bacteria. Cosidering cells stimulated with Pg, Ale reduced the median
fluorescence intensity (MFI) of CD66b, TLR2, TLR4, IL-1p and IL-8, although it increased the
MFI of DHR 123 and the frequencies of positive cells for TLR2, TNF and IL-10 on granulocytes.
Conclusions: The data suggest that the concentration of topical periodontal use of Ale was
able to affect the expression of molecules involved in immunoinflammatory responses by Pg-
activated of non- Pg activated granulocytes, which may contribute to the reduction of

inflammation at periodontal sites.

Keywords: Alendronate sodium. Granulocytes. Toll-like receptor. Citocinas. Porphyromonas

gingivalis.
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INTRODUCTION

Bisphosphonates (BF) are one of the main drugs in therapies for diseases that affect
bone metabolism, such as osteoporosis, in malignant tumors and intraosseous metastases.!
When administered, BFs are deposited in the bone matrix through interaction with calcium
crystals hydroxyapatite. The main pharmacological activity of BPs is the inhibition of bone
resorption by osteoclasts, as they initiate bone matrix resorption, releasing the drugs deposited
init.!

Periodontal disease is an inflammatory process that can affect the gingiva, periodontal
ligament and alveolar bone. It is mainly caused by the accumulation of bacterial dysbiotic
biofilm, which induces an immunoinflammatory response with the release of several Chemical
mediators involved in the processes of bone resorption and degradation of the extracellular
matrix, causing damage that is often irreversible, such as loss of attachment. Among the
bacterial species most found in periodontal disease are Porphyromonas gingivalis (Pg) and
Aggregatibacter actinomycetemcomitans, responsible for the worsening of periodontal
disease.?

The control of immunoinflammatory responses in periodontal tissues involves the
secretion of cytokines, the expression of cell surface costimulatory molecules and the
production of enzymes related to microbicidal activity by immunocompetent cells. The
differential expression of these molecules determines the course of the inflammatory process,
stimulating the fight against microorganisms and inducing the activation of tissue destruction
mechanisms.?

Due to the bone resorption inhibition property, recent studies have investigated the
potential of BPs in the treatment of periodontal disease. In clinical studies, the topical use of
alendronate sodium (Ale) in the form of a 1% gel, as an adjunct in non-surgical periodontal
treatment, has shown a reduction in bleeding on probing, clinical attachment level and probing
depth.*8

The topical use of BPs as a complementary therapy in the treatment of periodontal and
peri-implant diseases, although in concentrations much higher than those found in blood
plasma when administered systemically, seems promising and with fewer undesirable effects.
This is because, as they are not systemically bioavailable, osteonecrosis of the jaws is
avoided.*910

Although the effects of BPs on osteoclasts activity have been extensively studied, little
is known about their effects on immunocompetent cells, especially when stimulated by
products of the periodontal microbiota. Considering the role of these cells in combating

periodontal microorganisms and their products, it becomes relevant to evaluate the effects of
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alendronate sodium on the activity of human granulocytes stimulated with

periodontopathogens.

MATERIAL AND METHODS

Alendronate sodium

In this study sodium alendronate (Rini Life Science Pvt.Ltd, India) (Ale) was used at a
final concentration of 1% (0.03M) in cell cultures. Ale was dissolved in Roswell Park Memorial
Institute (RPMI 1640) (Sigma Aldrich) medium, moments before use.

Bacteria preparation

Sample of Porphyromonas gingivalis (Pg) (ATCC® 33277 ™, Manassas, VA, USA) was
cultured in Brain Heart Infusion Agar (BHI - Difco, Sparks, MD, USA), supplemented with 0.1%
porcine hemin (Inlab Confianga, Diadema, SP, Brazil), 0.5% yeast extract (Difco, Sparks, MD,
USA) and 0.1% de menadione (Sigma-Aldrich, St. Louis, MO, USA), and enriched with 5%
sheep blood (BHIA-S/E), pH 7.2. The bacteria were incubated for 5 days in an anaerobic
chamber (Thermo Fisher Scientific, Waltham, MA, USA) with na atmosphere of 85% N2, 5%
CO2 and 10% H2, at 37°C. The colonies were transferred to tubes containing saline solution,
homogenized and adjusted to an ODgoonm Of 0,9 in a spectrophotometer (Micronal, S. A., SP,
Brazil). The bacteria were then washed with PBS and inactivated by heating at 100°C for 30

minutes. The samples were kept at -80°C for use in the experiments.

Blood samples

Approximately 20ml of blood were collected from ten healthy voluntary donos through
peripheral vein puncture, using tubes containing heparin (Becton Dickinson Vacutainer®,
USA). Exclusion criteria were individuals with immunosuppression, periodontal disease,
systemic infectious disease, smokers, chronic alcoholics, autoimmune disease, chronic
inflammatory diseases or who were undergoing treatment with chemotherapy, antineoplastic,
antibiotic, immunosuppressive or anti-inflammatory drugs in the last 30 days. All volunteers
were clinically examined to verify the absence of periodontal disease. This work was approved
by the Research Ethics Committee at the Pontifical Catholic University of Minas Gerais (CAAE:
61550216.0.0000.5137) and conducted in accordance with current regulations.

Treatment with alendronate sodium and stimulation with P. gingivalis
Based on the concentration of alendronate sodium used clinically in periodontal
treatment, a final concentration of 1% (0.03M) was defined in short-term cultures. Previous

experiments performed by our research group showed that this concentration does note
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significantly affect the cell viability of human granulocytes. Samples of 1 ml of blood from each
donor were transferred to polypropylene tubes and then Ale was added at a final concentration
of 0.03M. The samples were kept in an oven at 37°C, 5% CO2, for 2 hours. Then, heat
inactivated Pg was added at a final concentration of 5x10° UFC/ml and the samples were
incubated for another 6 hours in a CO2 oven. Four hours before the end of incubation, in all
experimental groups, Brefeldin A (1 pg/ml) (eBiociensce, San Diego, CA, USA), was added to
the tubes intended for cytokine immunostaining.

At the end of the treatments, the blood samples were transferred to 50 ml conical tubes
and 20 ml of lysis solution (8,26g/L NH.Cl; 1g/L KHCOs; 37,2 mg/L Na;EDTA), were added for
each 1 ml of blood. The samples were incubated for 15 minutes at room temperature, protected
from light, with gentle agitation, for the lysis of red blood cells. After centrifugation at 600g for
10 minutes at 4°C, the supernatant was discarded, and the cells washed twice with phosphate-
buffered saline (PBS) by means of centrifugation. Cells were resuspended in PBS and
distributed into wells of 96-well-U-bottom plates for immunostaining. Cells were added to each
well in proportion to the volume of 400 uL of blood.

Two experimental groups were obtained: cells stimulated or not with Pg. In each group,
the effect of Ale on the expression of the markers was evaluated, thus obtaining four
experimental conditions: Control (RPMI); Ale (Sodium Alendronate); Pg (P. gingivalis); Ale+

Pg (Sodium Alendronate + P. gingivalis).

Cell viability analysis

Cell viability was assessed using Live/Dead labeling. Cells were incubated for 30
minutes at 4°C with Live/Dead (bv421) (Thermo Fisher Scientific, Waltham, MA, USA) and
anti-CD66b (PE, clone G10F5, BioLegend) for phenotypic identification of granulocytes. Then,
the cells were washed with PBS 0.5% fetal bovine serum (FBS), fixed with 2% formaldehyde
in PBS for 15 minutes at room temperature, and washed again with PBS. Cells were kept at
4°C until acquisition of 100.000 events per tube on the FACSCanto Il flow cytometer (Becton
Dickinson, New Jersey, USA).

Evaluation of the production of reactive oxygen species

To evaluate the production of reactive oxygen species, especially hydrogen peroxide,
cells were incubated for 30 minutes at 4°C with anti-CD66b antibody (PE, clone G10F5,
BioLegend), dihydrorodamine 123 (DHR123) (Life Technologies, Molecular Probes, Oregon,
USA) and Live/Dead (bv421) (Thermo Fisher Scientific, Waltham, MA, USA). Then, they were
washed with PBS 0.5% fetal bovine serum (FBS), fixed with 2% formaldehyde in PBS for 15

minutes at room temperature, washed with PBS and kept at 4°C, until the acquisition of
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100.000 events per tube in the FACSCANTO Il flow cytometer (Becton Dickinson, New Jersey,
USA).

Immunofluorescence reactions for TLR and cytokine labeling

Cells were incubated with Live/Dead (bv421) (Thermo Fisher Scientific, Waltham, MA,
USA) and anti-CD66b (PE, clone G10F5, BiolLegend), anti-TLR2 (FITC, clone TL2.1,
BioLegend) and anti-TLR4 (APC, clone HTA125, BioLegend), for 30 minutes at 4°C. Then,
they were washed with PBS 0.5 % fetal bovine serum (FBS), fixed with 2% formaldehyde in
PBS for 15 minutes at room temperature, and washed again with PBS. After fixation, cells
were permeabilized with 0.5% saponin (Sigma-Aldrich, St. Louis, MO, USA), for 15 minutes at
room temperature for intracytoplasmic labeling. Were added Anti-IL-13 monoclonais (ALEXA
FLUOR 647, clone JK1B-1, BioLegend), IL-8 (PerCP-Cy5, clone BH0814, BioLegend), IL-10
(PE/Cy7, Clone JES3-19F1, BioLegend), TNF (PE/Cy7, clone MAb11, Biolegend), and the
cells kept for 30 minutes at room temperature. After washing with 0.5% saponin and PBS, the
cells were made in a FACSCanto Il cytometer (Becton Dickinson, New Jersey, USA), with
acquisition of 100.000 events per tube. Unlabeled cells and isotype controls conjugated to the
fluorochromes FITC, PE, PE/Cy7, APC, ALEXA FLUOR 647 and PerCP-Cy5 were added to

the experiments.

Flow cytometry

FlowJo x software (Tree Star Inc., USA) was used for flow cytometric analysis. Initially,
viable cells were selected by Live/Dead staining, and then CD66b positive cells (granulocytes)
were selected. Marker expression analyzes were performed on granulocyte populations
(CD66b+). The percentages of positive cells were quantified and the median fluorescence
intensity (MIF) for DHR123, TLR2, TLR4, IL-1j, IL-8, TNF and IL-10 were determined. In the
granulocyte population, MIF for CD66b was also evaluated. To analyze the cell viability of
granulocytes, CD66b+ populations were initially selected and within each of these populations

the percentages of cells marked for Live/Dead were gquantified.

Statistical analysis

The Kolmogorov-Smirnov normality test was used to verify the distribution of data in
each experimental group. To verify the existence of differences in the expression of markers
between the control group and the group stimulated with Pg and between the groups treated
or not with Ale, the Wilcoxon or paired Student’s tests were used, with a significance level of
5%. Analyzes were performed using GraphPad Prism 5.01 software (GraphPad Software, San
Diego, California, USA).
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RESULTS

Analysis of granulocyte cell viability in different treatments

Cell viability analysis by Live/Dead labeling showed that 1% Ale was not able to
significantly affect the viability of human granulocytes (Fig. 2). Stimulation with Pg significantly
reduced the viability of CD66b+ granulocytes, although the frequencies of viable cells after
stimulation with Pg still remained high (92.3 £ 3,7%) (Fig. 2). Prior exposure of these cells to

Ale reversed this reduction in cell viability (Fig. 2).

Ale effect on CD66b expression and production of reactive oxygen species by
granulocytes

Analysis of CD66b expression showed that Ale significantly reduced the MIF of this
molecule in the granulocyte population (Fig. 3A). Pg stimulation significantly increased CD66b
MIF over the control group (Fig. 3A). However, prior exposure to Ale significantly reduced
CD66b MIF in Pg-stimulated granulocytes, reversing the effect of bacteria (Fig. 3A).

Analysis of the expression of dihydrorhodamine 123 (DHR123), a marker of production
of reactive oxygen species, especially hydrogen peroxide, revealed that exposure to Ale
reduced the MIF of DHR213 in CD66b+ granulocytes (Fig. 3C). Stimulation with Pg increased
the frequency of DHR123+ cells, but reduced the MIF of this molecule in granulocytes (Fig. 3B
and C). Ale exposure significantly reduced the frequency of DHR123+ cells in the Pg-

stimulated granulocyte population, but increased the MIF of this molecule (Fig. 3B and C).

Ale effect on TLR2 and TLR4 expression by granulocytes

Ale treatment did not significantly affect TLR2 expression on CD66b+ granulocytes
(Fig. 3D and E), but significantly reduced the frequencies of positive cells and TLR4 MIF in
thes cell population (Fig. 3F and G). Pg stimulation reduced the frequency of TLR2+ cells (Fig.
3D), butincreased the TLR2 MIF and the frequency of TLR4+ Cells in the CD66b+ granulocyte
population (Fig. 3E and F). Considering Pg-stimulated cells, Ale treatment increased the
frequency of TLR2+ cells, although it reduced TLR2 and TLR4 MIF in granulocytes (Fig. 3D,
E and G).

O tratamento com Ale ndo afetou significativamente a expressdo de TLR2 nos
granulécitos CD66b* (Fig. 3D e E), mas reduziu significativamente as frequéncias de células
positivas e a MIF de TLR4 nessa populacao celular (Fig. 3F e G). Estimulacdo com Pg reduziu
a frequéncia de células TLR2* (Fig. 3D), mas aumentou a MIF de TLR2 e a frequéncia de
células TLR4" na populacédo de granulécitos CD66b* (Fig. 3E e F). Considerando as células
estimuladas com Pg, o tratamento com Ale aumentou a frequéncia de células TLR2*, embora
tenha reduzido a MIF de TLR2 e de TLR4 nos granuldcitos (Fig. 3D, E e G).
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Ale effect on cytokine expression by granulocytes

Analysis of cytokine production showed that Ale exposure significantly reduced IL-8
and TNF MIF (Fig. 4D and F) in the CD66b+ granulocyte population.

Stimulation with Pg significantly increased the frequencies of positive cells and the MIF
of IL-18 and IL-8 (Fig; 4A, B, C and D), but reduced the MIF of TNF (Fig. 4F) in the granulocyte
population. Considering the cells stimulated with Pg, exposure to Ale reduced the frequencies
of positive cells and MIF of IL-1p and IL-8 (Fig. 4A, B, C and D), reversing the effects of the
bacteria on the expression of these cytokine in the population of CD66b+ granulocytes. On the
other hand, Ale exposure in the Pg-stimulated group increased the frequencies of TNF+ and
IL-10+ cells (Fig. 4E and G).

DISCUSSION

Topical application of alendronate sodium gel at 1% as an adjuvant in periodontal
treatment has shown satisfactory clinical results regarding bleeding on probing, loss of clinical
attachment and probing depth.”!! Studies have already shown that bisphosphonates are
endocytosed by phagocytic cells, which may affect the activity of these cells. No studies were
found in the literature evaluating the effect of alendronate on the activity of granulocytes
stimulated with periodontopathogens. In the present study, the effect of 1% sodium
alendronate (Ale) on the expression of molecules involved in periodontal immunoinflammatory
processes by CD66b positive granulocytes was evaluated. This cell population evaluated
comprises neutrophils and eosinophils, although neutrophils represent the majority of these
cells. Cytometric analyzes showed that Ale was not able to significantly affect granulocyte
viability in short-term cultures.

In order to evaluate the effect of Ale on human leukocytes stimulated with
periodontopathogenic bacteria, a condition that occurs in periodontal tissues during
periodontitis, in present study we stimulated cells in vitro with P. gingivalis. Pg is a Gram-
negative periodontopathogenic bacterium, whose LPS can be recognized by several cells,
including granulocytes, inducing the expression and release of various inflammatory mediators
involved in immune defense mechanisms.'>® These mediators are important for the
development of periodontitis and the presence of Pg is directly related to tissue damage.®%’

In the present study, stimulation of cells with Pg reduced the viability of granulocytes,
while previous exposure of these cells to Ale reversed this reduction in viability. The molecular
mechanisms by which Ale directly or indirectly interferes with the activity and survival of
bacterial stimulated granulocytes are not yet known.

Neutrophils exert their antimicrobial functions through phagocytosis and production of

lytic enzymes and reactive oxygen species (ROS), which are responsible for the death of the
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microorganism. In addition to their direct oxidative attack, oxygen radicals can modulate
several cellular activities that are important mediators in the sequence of events that cause
tissue damage.!®

The detection of respiratory burst products by neutrophils can be performed by means
of incubation with dihydrorhodamine 123 (DHR123), a substrate that is oxidized by hydrogen
peroxide, generating fluorescent rhodamine.® Analysis of the expression of DHR123 revealed
that Ale reduced the MIF of DHR123 in granulocytes not stimulated with bacteria. Stimulation
with Pg increased the frequencies of DHR123+ granulocytes, but reduced the MIF of these
molecules compared to the control. It is possible that the kinetics of ROS expression are
involved in these results, with initial stimulation of the respiratory burst and an increase in the
frequency of producing granulocytes, followed by a reduction in the amount of hydrogen
peroxide by activated cells over the six hours of incubation. Treatment with Ale reversed these
effects of the bacteria. The production of ROS in response to bacteria is an important
mechanism to fight infection.?° Although Ale reduced the frequencies of DHR123+
granulocytes, the MIF of this molecules was significantly increased by the drug. Studies
evaluating the microbial activity of granulocytes exposed to Ale are necessary to determine
the real effect of bisphosphonate in this process.

Flow cytometric analysis also showed that exposure to Pg stimulated the production on
the pro-inflammatory cytokines IL-1B and IL-8 and reduced TNF MIF in granulocytes. An in
vitro study showed that stimulation with Pg induced a significant increase in the production of
ROS and IL-8 by neutrophils.t” Another study showed that stimulation of circulating neutrophils
from patients with aggressive periodontitis with Pg LPS significantly increased neutrophil
responses and the production of ROS.?! This data partially corroborates the results of the
present study, regarding the stimulation of the expression of the pro-inflammatory cytokines
IL-1B and IL-8. However, inhibition of TNF expression. By Pg was observed, which may reflect
an initial kinetics of production of this cytokine with a reduction after cell stimulation.

The CD66b molecule, expressed on the surface of granulocytes, plays a role in cell
adhesion, chemotaxis and binding to microbial products, and the intensity of its expression is
related to the level of neutrophil activation.?? In the present study, stimulation with Pg
significantly increased the expression of CD66b on granulocytes. Prior exposure to Ale
reduced CD66b on granulocytes. Prior exposure to Ale reduced CD66b MIF in both Pg-
stimulated and non-stimulated granulocytes, reversing the bacterial effect on cells. These
results suggest that, although Ale does not affect cell viability, neutrophil activity can be
inhibited by bisphosphonate exposure, even in environments of microbial infection.

Previous studies have shown that TLR2 and TLR4 are extremely important receptors
for the progression of inflammation and control of bone metabolism in periodontitis.?*?°> TLR4

is the receptor for LPS from gram-negative bacteria.?® LPS from P. gingivalis can blind to TLR4
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of immunocompetent cells and induce other cells such as gingival fibroblasts to produce IL-1,
IL-6 and IL-8.28 The absence of TLR4 reduces phagocytic activity against the bacteria
Neisseria Meningitidis, Streptococcus agalactiae and Yersenia pestis, demonstrating the role
of this receptor in the microbicidal activity of phagocytes.? It has been demonstrated in the
literature that TLR2 and TLR4 play distinct roles in the expression of IL-13, TNF-a and IL-10
induced by P.gingivalis in experimental periodontitis by ligation.?> Another study also showed
that LPS from P.gingivalis stimulates leukocytes preferentially by binding to TLR2, inducing
increased secretion of pro-inflammatory cytokines.?° In the present study, Ale reduced the
expression of TLR4 in granulocytes stimulated and not stimulated with Pg. TLR2 expression
was not significantly affected by Ale in granulocytes not stimulated with bacteria. Although Pg
reduced the frequencies of TLR2+ granulocytes and increased the MIF of this receptor,
previous exposure of these cells to Ale reversed the effects of the bacteria. The reduction in
the frequency of TLR2+ cells when stimulated with Pg may be due to a negative feedback
mechanism after bacterial stimulation. The reversal of the Pg effect by Ale may represent a
mechanism of inhibition of the TLR2 activation pathway, contributing to the reduction of
periodontal inflammatory stimuli and consequent reduction of tissue damage. However, the
activation of neutrophils is important in combating periodontopathogenic bacteria. As for TLR4,
although it is not the main cell receptor for stimulating the secretion of inflammatory mediators
by LPS from P. gingivalis®, its activation potentiates the stimulatory action of TLR2 in
macrophages during response to this bacterial species.3! In addition, it has been demonstrated
in ligation induced periodontitis model in mice that P.gingivalis induced periodontal bone loss
is TLR4 dependent.? Thus, inhibition of TLR4 expression by Ale, both in Pg-stimulated and
non-stimulated granulocytes, may contribute to lower stimulation of these cells in periodontal
tissues and possibly lower alveolar bone resorption.

Several studies have shown the role of cytokines in controlling immunoinflammatory
responses in periodontitis, regulating both the fight against microorganisms and the tissue
destruction mechanism.3?32 In the present study, stimulation with Pg increased the expression
of IL-1B and IL-8 cytokines, but reduced the MIF of TNF by granulocytes. IL-8 is a pro-
inflammatory cytokine secreted by several cells, including neutrophils, that acts in periodontal
disease. Is has chemotactic activity for neutrophils, being able to activate these cells and also
stimulate bone resorption.®® IL-1B plays an important role in the innate immune response,
regulating granulocyte diapedesis and stimulating the synthesis of prostaglandin (PGE2) and
matrix metalloproteinase (MMP) by fibroblasts, which are involved in the destruction of the
extracellular matrix of connective tissue, fibrous tissue and alveolar bone.3* TNF is one of the
most important cytokines in the inflammatory process in periodontitis, stimulating bone

resorption and activation of several cells.® It induces the expression of adhesion molecules
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on the endothelial surface, stimulating leukocyte diapedesis and contributing to for the
establishment of tissue inflammatory infiltrate.3¢

Flow cytometric analysis showed that Ale reduced the MIF of IL-8 and TNF in
granulocytes not stimulated with Pg, suggesting an anti-inflammatory and neutrophil response
inhibition effect. Considering the cells stimulated with Pg, Ale reduced the expression of IL-13
and IL-8 but increased the percentage of TNF and IL-10 positive cells. The reversal of Pg
stimulation in the production of IL-1p and IL-8 cytokines by exposure to Ale may represent an
anti-inflammatory effect of this drug on periodontal tissues, contributing to the inhibition of
leukocyte recruitment and activation, especially neutrophils. However, in periodontal tissues
there are other cellular sources of cytokines that should be investigated regarding their
susceptibility to the inhibitory action of Ale, such as macrophages, fibroblasts and endothelial
cells. Our data showed that the effect of Ale on granulocytes depends on the activation of
these cells by Pg, since in cells not stimulated with bacteria there was a reduction in TNF MIF
and in those stimulated with Pg there was an increase in the frequency of TNF+ cells. As
observed for the cytokines IL-1B and IL-8, Ale also reversed the effects of Pg on TNF
expression by granulocytes. However, in this case, the effect of Pg was to reduce the MIF of
TNF, while Ale increased the percentage of TNF+ cells. Interestingly, Ale also increased the
percentage of IL-10 producing cells in the group stimulated with Pg, while stimulation with Pg
showed a tendency to reduce the frequency of IL-10+ cells, but without a statistically significant
difference. IL-10 exerts an anti-inflammatory effect limiting immune responses and reducing
tissue damage.® it inhibits the secretion of IL-1, IL-6, IL-8 and TNF-a cytokines and the
expression of co-stimulatory and presenting molecules of antigens in different cell types.237:38
IL-10 also inhibits the activity of macrophages and T lymphocytes, the generation of free
radicals, osteoclastogenesis and angiogenesis.®” Analyzing all the effects observed in the
expression of cytokines evaluated in granulocytes stimulated with Pg, our data show that Ale
reverses the effects generated by the bacteria and can inhibit biological processes relevant to
periodontitis, such as alveolar bone resorption. These data also suggest that the exposure of
granulocytes to Ale, used topically in periodontal treatment, can interfere with the tissue
inflammatory response and the processes of microbial combat and tissue destruction.

At periodontal sites, stimulation of immunocompetent cells involves the participation of
several bacterial species with different virulence factors. Other cellular sources of cytokines
contribute to tissue levels of these molecules and the kinetics of expression of these molecules
can also vary after microbial stimulation. Although the limitations of the in vitro study must be
considered, the results of this preliminary study point to an inhibitory effect on the expression
of several molecules involved in the process of maintaining periodontal homeostasis in a
healthy condition and in the -etiopathogenesis of periodontitis. Clinical studies and

experimental models are needed to confirm the impact of Ale effects on granulocytes under
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the stimulus of periodontopathogens, especially regarding the microbicidal capacity and
inhibition of tissue destruction processes that characterize periodontitis.
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SUBTITLES OF FIGURES

Figure 1 - Representative dot plot graphs showing the strategy of analysis and the selection
of phenotypically identified granulocyte (CD66b*) populations.

Figure 2 - Granulocyte (CD66b") viability assessed by Live and Dead method after
experimental conditions. Results expressed as percentage of viable cells for Live and Dead
method. Ale: sodium alendronate; Pg: P. gingivalis. Error bars indicate standard deviation.
Data from 10 donors are shown. * represents a significant difference (p<0.05) between the
control group and the group stimulated with Pg (t test); connecting lines represent significant
differences (p<0.05) between the groups treated and not treated with Ale (t test).

Figure 3 - The effect of sodium alendronate on the frequencies of positive cells and median
fluorescence intensity (MFI) of CD66b, DHR123, TLR2 and TLR4 in CD66b" granulocytes
stimulated or not with P. gingivalis. Ale: sodium alendronate; Pg: P. gingivalis. Error bars
indicate standard deviation. Data from 10 donors are shown.

* represents a significant difference (p<0.05) between the control group and cells stimulated
with Pg (t test); connecting lines represent significant differences (p<0.05) between the groups
treated or not treated with Ale (t test).

Figure 4 - The effect of sodium alendronate on the frequencies of positive cells and median
fluorescence intensity (MFI) of cytokines in CD66b* granulocytes stimulated or not with P.
gingivalis. Ale: sodium alendronate; Pg: P. gingivalis. Error bars indicate standard deviation.
Data from 10 donors are shown.

* represents a significant difference (p<0.05) between the control group and cells stimulated
with Pg (t test); connecting lines represent significant differences (p<0.05) between the groups

treated or not treated with Ale (t test).
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6.2 Artigo Cientifico 2

Com o objetivo de avaliar o efeito de concentracfes de uso topico de alendronato de
sodio na atividade de mondcitos humanos e suas subpopulacdes estimulados com P. gingivalis,
foram realizadas incubacGes com sangue total de doadores saudaveis, imunomarcacdo de
moléculas envolvidas nas respostas imunoinflamatorias e analise por citometria de fluxo. Os
resultados foram compilados na forma de artigo cientifico intitulado “Effect of alendronate
sodium on the activity of human monocytes stimulated in vitro with Porphyromonas
gingivalis”, que sera submetido a andlise no periodico Brazilian Oral Research (Qualis A2).

As normas para submissdo de artigos podem ser visualizadas no endereco eletrénico:

https://www.scielo.br/journal/bor/about/#instructions
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Abstract

Alendronate sodium (Ale) is widely used to control bone metabolism, especially in patients
with osteoporosis. As Ale inhibits osteoclasts and bone resorption, several studies have
demonstrated beneficial effects of topical use of 1% Ale gel as a complementary therapy to
periodontal treatment. Bisphosphonates can also affect phagocytes and trigger changes in the
fight against microorganisms. Macrophages are essential for immunoinflammatory control in
the presence of periodontopathogens, as they release cytokines and antimicrobial products. The
objective of this work was to evaluate the effect of Ale on the expression of molecules involved
in the immunoinflammatory response by human monocytes stimulated in vitro with
Porphyromonas gingivalis (Pg). For this, peripheral blood from 10 healthy donors was
incubated with 1% Ale (0.03M) for 2 hours. Then Pg was added and the samples incubated for
another 6 hours. After the lysis of the red blood cells, immunofluorescence reactions were
performed for analysis by flow cytometry. Expressions of TLR2, TLR4, DHR123, IL-1B, IL-
8, IL-10, TNF and TGF-B1 were evaluated in the CD14+ monocyte population. Additionally,
the expression of cytokines by monocyte subpopulations phenotypically identified by CD14
and CD16 was evaluated. Flow cytometric analysis of the population of total monocytes not
stimulated by bacteria showed that Ale reduced the expression of TLR2 and TLR4 and of all
evaluated cytokines. In monocytes stimulated with Pg, Ale reduced the expression of TLR4,
IL-1pB, IL-8, TNF, IL-10 and increased the frequency of TLR2+ cells. Additionally, the analyzes
showed that Ale affected the expression of cytokines preferentially in subpopulations of
classical and intermediate monocytes, stimulated or not with Pg. Considering cells not
stimulated with Pg, Ale reduced TNF expression only in non-classical monocytes. The data
suggest that Ale is able to affect the expression of molecules involved in immunoinflammatory
responses by PG stimulated monocytes. Although inhibition of the expression of molecules
responsible for the processes of inflammation and destruction of periodontal tissues occurs,
contributing to the improvement of periodontal clinical parameters, this modulation may

interfere with the mechanisms involved in fighting bacteria in periodontal tissues.

Keywords: Alendronate sodium. Monocytes. Toll-like receptor. Citocinas. Porphyromonas

gingivalis.
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Introduction

Periodontal disease affects a large part of the world population, often causing
irreversible damage to the supporting and protective periodontal tissue.>? The main etiological
factor of periodontal disease is dysbiotic bacterial plaque, together with a dysregulated
immunoinflammatory system, which induces a immunoinflammatory in a susceptible
individual, with the release of several chemical mediators, such as cytokines, chemokines,
enzymes and reactive oxygen species.>®> These molecules participate in the processes of
combating periodontopathogenic bacteria and in the mechanisms of fibrous connective tissue
degradation and resorption bone®®, leading to the appearance of clinical alterations, such as
bleeding on probing, increased depth on probing and loss of attachment.%” Several bacteria
participate in the etiopathogenesis of periodontal disease and among the species most found in
all stages of the disease, highlights Porphyromonas gingivalis (Pg)®, whose presence is
associated aggravation of the disease.®

The treatment of periodontal disease consists of removing bacterial plague and calculus,
maintaining oral hygiene and surgical procedures.!® Treatments have been proposed as
adjuvants in periodontal therapy, including the topical use of bisphosphonates in periodontal
sites after scaling and root planning and during periodontal surgery.'1> Bisphosphonates are
drugs used to inhibit bone resorption in different pathological conditions, accumulating in the
mineralized bone matrix and inhibiting osteoclast activity.6:1/

Sodium alendronate (Ale) is a bisphosphonate widely used in the treatment of
osteoporosis.'® Clinical studies have shown the effect of topical use of Ale in the form of a 1%
gel as an adjuvant in non-surgical periodontal treatment, with reduction of all inflammation
parameters such as bleeding on probing, clinical attachment level and probing depth.*1° It is
believed that the topical route of administration of bisphosphonates in the treatment of
periodontal diseases may beneficial and generate fewer side effects compared to systemic
administration, 11920

Bisphosphonates can be endocytosed by phagocytic cells and affect the differentiation
and activity of these cells.?* Although the inhibitory effects of Ale on osteoclasts are well
known, the cellular and molecular mechanisms of action of this bisphosphonate in inflamed
periodontal tissues have not yet been described in the literature. As phagocytes play an
important in the processes of combating periodontopathogens and destruction of periodontal
tissues, the evaluation of the effects of Ale on the activity of these cells in contact with products
of periodontopathogens may contribute to a better understanding of the mechanisms of action

of bisphosphonates during periodontal therapy.
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The aim of this study was to evaluate the effect of topical therapeutic doses of Ale on
the expression of molecules involved in immunoinflammatory responses by human monocytes

stimulated in vitro with P. gingivalis.

Material and Methods
Alendronate Sodium

In this study sodium alendronate (Rini Life Science Pvt.Ltd, India) (Ale) was used at a
final concentration of 1% (0.03M) in cell cultures. Ale was dissolved in Roswell Park Memorial
Institute (RPMI 1640) (Sigma Aldrich) medium, moments before use.

Bacteria preparation

Sample of Porphyromonas gingivalis (Pg) (ATCC® 33277™, Manassas, VA, USA)
was cultured in Brain Heart Infusion Agar (BHI - Difco, Sparks, MD, USA), supplemented
with 0.1% porcine hemin (Inlab Confianca, Diadema, SP, Brazil), 0.5% yeast extract (Difco,
Sparks, MD, USA) and 0.1% de menadione (Sigma-Aldrich, St. Louis, MO, USA), and
enriched with 5% sheep blood (BHIA-S/E), pH 7.2. The bacteria were incubated for 5 days in
an anaerobic chamber (Thermo Fisher Scientific, Waltham, MA, USA) with na atmosphere of
85% N2, 5% CO2 and 10% H2, at 37°C. The colonies were transferred to tubes containing
saline solution, homogenized and adjusted to an ODegoonm Of 0,9 in a spectrophotometer
(Micronal, S. A., SP, Brazil). The bacteria were then washed with PBS and inactivated by

heating at 100°C for 30 minutes. The samples were kept at -80°C for use in the experiments.

Blood samples

Approximately 20 ml of blood were collected from ten healthy voluntary donors through
peripheral vein puncture, using tubes containing heparin (Becton Dickinson Vacutainer®,
USA). Exclusion criteria were: individuals with immunosuppression, periodontal disease,
systemic infectious disease, smokers, chronic alcoholics, autoimmune disease, chronic
inflammatory diseases or who were undergoing treatment with chemotherapy, antineoplastic,
antibiotic, immunosuppressive or anti-inflammatory drugs in the last 30 days. All volunteers
were clinically examined to verify the absence of periodontal disease. This work was approved
by the Research Ethics Committee ot the Pontifical Catholic University of Minas Gerais
(CAAE: 61550216.0.0000.5137) and conducted in accordance with current regulations.
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Treatment with alendronate sodium and stimulation with P. gingivalis

Based on the concentration of alendronate sodium used clinically in periodontal
treatment, a final concentration of 1% (0.03M) was defined in short-term cultures. Previous
experiments performed by our research group showed that this concentration does note
significantly affect the cell viability of human granulocytes. Samples of 1 ml of blood from
each donor were transferred to polypropylene tubes and then Ale was added at a final
concentration of 0.03M. The samples were kept in an oven at 37°C, 5% CO2, for 2 hours. Then,
heat inactivated Pg was added at a final concentration of 5x10° UFC/ml and the samples were
incubated for another 6 hours in a CO2 oven. Four hours before the end of incubation, in all
experimental groups, Brefeldin A (1 pg/ml) (eBiociensce, San Diego, CA, USA), was added to
the tubes intended for cytokine immunostaining.

At the end of the treatments, the blood samples were transferred to 50 ml conical tubes
and 20 ml of lysis solution (8,26g/L NH4Cl; 1g/L KHCOg; 37,2mg/L Na2;EDTA), were added
for each 1 ml of blood. The samples were incubated for 15 minutes at room temperature,
protected from light, with gentle agitation, for the lysis of red blood cells. After centrifugation
at 600g for 10 minutes at 4°C, the supernatant was discarded and the cells washed twice with
phosphate-buffered saline (PBS) by means of centrifugation. Cells were resuspended in PBS
and distributed into wells of 96-well-U-bottom plates for immunostaining. Cells were added to
each well in proportion to the volume of 400 uL of blood.

Two experimental groups were obtained: cells stimulated or not with Pg. In each group,
the effect of Ale on the expression of the markers was evaluated, thus obtaining four
experimental conditions: Control (RPMI); Ale (Sodium Alendronate); Pg (P. gingivalis); Ale+
Pg (Sodium Alendronate + P. gingivalis).

Cell viability analysis

Cell viability was assessed using Live/Dead labeling. Cells were incubated for 30
minutes at 4°C with Live/Dead (bv421) (Thermo Fisher Scientific, Waltham, MA, USA) and
anti-CD14 (FITC, clone M5E2, BiolLegend) for phenotypic identification of granulocytes.
Then, the cells were washed with PBS 0.5% fetal bovine serum (FBS), fixed with 2%
formaldehyde in PBS for 15 minutes at room temperature, and washed again with PBS. Cells
were kept at 4°C until acquisition of 100.000 events per tube on the FACSCanto Il flow
cytometer (Becton Dickinson, New Jersey, USA).
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Evaluation of the production of reactive oxygen species

To evaluate the production of reactive oxygen species, especially hydrogen peroxide,
cells were incubated for 30 minutes at 4°C with anti-CD14 antibody (FITC, clone M5E2,
BioLegend), dihydrorodamine 123 (DHR123) (Life Technologies, Molecular Probes, Oregon,
USA) and Live/Dead (bv421) (Thermo Fisher Scientific, Waltham, MA, USA). Then, they
were washed with PBS 0.5% fetal bovine serum (FBS), fixed with 2% formaldehyde in PBS
for 15 minutes at room temperature, washed with PBS and kept at 4°C, until the acquisition of
100.000 events per tube in the FACSCANTO Il flow cytometer (Becton Dickinson, New
Jersey, USA).

Immunofluorescence reactions for TLR and cytokine labeling

Cells were incubated with Live/Dead (bv421) (Thermo Fisher Scientific, Waltham, MA,
USA) and anti-CD14 (FITC ou APC, clone M5E2, BioLegend), anti-TLR2 (FITC, clone TL2.1,
BioLegend) and anti-TLR4 (APC, clone HTA125, BioLegend), for 30 minutes at 4°C. Then,
they were washed with PBS 0.5 % fetal bovine serum (FBS), fixed with 2% formaldehyde in
PBS for 15 minutes at room temperature, and washed again with PBS. After fixation, cells were
permeabilized with 0.5% saponin (Sigma-Aldrich, St. Louis, MO, USA), for 15 minutes at
room temperature for intracytoplasmic labeling. Were added Anti-IL-1p monoclonais (ALEXA
FLUOR 647, clone JK1B-1, BioLegend), IL-8 (PerCP-Cy5, clone BH0814, BioLegend), IL-
10 (PE/Cy7, Clone JES3-19F1, BioLegend), TNF (PE/Cy7, clone MAb11, Biolegend), LAP
(TGF-B1) (PE/Cy7, clone TW4-2F8, BioLegend) and the cells kept for 30 minutes at room
temperature. After washing with 0.5% saponin and PBS, the cells were made in a FACSCanto
Il cytometer (Becton Dickinson, New Jersey, USA), with acquisition of 100.000 events per
tube. Unlabeled cells and isotype controls conjugated to the fluorochromes FITC, PE, PE/Cy7,
APC, ALEXA FLUOR 647 and PerCP-Cy5 were added to the experiments.

Flow cytometry

FlowJo x software (Tree Star Inc., USA) was used for flow cytometric analysis. For the
analysis of monocyte cell viability, CD14+ populations were initially selected and within these
populations the percentages of cells labeled for Live/Dead were quantified. To analyze the
expression of the molecules involved in the immunoinflammatory responses, viable cells were
initially selected by Live/Dead staining and then, populations of CD14+ cells (total monocytes)
were selected (Fig.1). The percentages of positive cells were quantified and the median
fluorescence intensity (MIF) for DHR123, TLR2, TLR4, IL-1p, IL-8, TNF, IL-10 and TGF-B1
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in the total monocyte population (CD14+) were determined. To analyze the different
subpopulations of CD14+ monocytes, based on the CD14 versus CD16 plot, subpopulations
classical (CD14+CD16-), intermediate (CD14+CD16+) and non-classical (CD14lowCD16+)
monocytes were selected (Fig.1). In the phenotypically identified subpopulations of monocytes,

the frequencies of cytokine-positive cells were evaluated.

Statistical analysis

The Kolmogorov-Smirnov normality test was used to verify the distribution of data in
each experimental group. To verify the existence of differences in the expression of markers
between the control group and the group stimulated with Pg and between the groups treated or
not with Ale, the Wilcoxon or paired Student’s tests were used, with a significance level of 5%.
Analyzes were performed using Graphpad Prism 5.01 software (GraphPad Software, San
Diego, California, USA) (Fig.1).

Results
Analysis of monocyte cell viability in different treatments

Cell viability analysis by Live/Dead staining showed that 1% Ale was not able to
significantly affect the viability of human monocytes (Fig.2). Stimulation with Pg significantly
reduced the viability of CD14+ monocytes, although the frequencies of viable cells after
stimulation with Pg still remained high (96 £ 1,2%) (Fig. 2).

Ale effect on the production of reactive oxygen species by monocytes

In the bacterially unstimulated CD14+ monocyte population, exposure to Ale did not
significantly alter the expression of DHR123 (Fig. 3A e B).

Pg stimulation significantly increased the frequency of DHR123 positive cells (Fig.3A).
Considering Pg-stimulated cells, Ale treatment did not significantly affect DHR123 expression
(Fig. 3A and B).

Ale effect on TLR2 and TLR4 expression by monocytes

Ale treatment significantly reduced TLR4+ cell frequencies (Fig.3E) and TLR2 and
TLR4 (Fig.3D e F) in CD14+ monocytes not stimulated with bacteria.

Pg stimulation significantly reduced the frequency of TLR2+ cells (Fig. 6C) and
significantly increased the frequency of TLR4+ cells (Fig.3E) in the CD14+ monocytes

population. Considering Pg stimulated CD14+ monocytes, Ale treatment increased the
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frequency of TLR2+ cells (Fig. 3C) and significantly reduced the frequencies of positive cells
and TLR4 MIF (Fig. 3E and F).

Ale effect on cytokine expression by monocytes

Ale exposure significantly reduced the frequencies of IL-1f IL-8, TNF, IL-10 and TGF-
B1 (Fig.4A, C, E, Gand ), as well as the MIFs of TNF and TGF-B1 (Fig. 4F and J) in bacterially
unstimulated CD14+ monocyte population.

Stimulation with Pg significantly increased the frequencies and MIF of the cytokines
IL-1B, IL-8, TNF and IL-10 (Fig. 4A to F) but reduced the frequency of positive cells and the
MIF of TGF- B1 (Fig. 4l and J) in the CD14+ monocyte population. Considering the cells
stimulated with Pg, exposure to Ale reduced frequencies of positive cells and the MIF of IL-
1B, IL-8 and TNF (Fig. 4B, D and F) and also reduced the frequency of IL-10+ cells (Fig. 4G),
partially reversing the effects of the bacteria on the expression of these cytokines in the CD14+
monocyte population.

Ale effect on cytokine expression by monocyte subpopulations

Exposure to Ale, in the groups not stimulated with Pg, significantly reduced the
frequencies of IL-8 and IL-10 producing cells in the classical (CD14+CD16-) and intermediate
(CD14+CD16+) monocyte subpopulations, the frequencies of TNF producing cells in the non-
classical monocyte subpopulation (CD14lowCD16+) and the frequencies of TGF-1 producing
cells in the classical monocyte subpopulation (Fig.5).

Stimulation with Pg significantly increased the frequencies of IL-1p, IL-8 and TNF
positive cells in the three subpopulations evaluated and increased the frequencies of IL-10+
cells only in the classic and intermediate subpopulations (Fig. 5). Regarding the expression of
TGF-B1, exposure to Pg significantly reduced the frequencies of cells positive for this cytokine
only in the subpopulation of classical monocytes (Fig. 5). Considering Pg-stimulated cells, Ale
exposure reduced the frequencies of IL-1p and IL-10 positive cells only in the classical and
intermediate monocyte subpopulations (Fig. 5). Ale also reduced the frequencies of IL-8
positive cells in all three subpopulations and the frequencies of TNF+ cells in the classical

monocyte subpopulation (Fig. 5).
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Discussion

Clinical studies showed that the topical use of 1% Ale as an adjuvant treatment to non-
surgical periodontal therapy improved the clinical patterns of periodontal inflammation.**%°
There are no studies in the literature evaluating the effect of Ale on the activity of monocytes
stimulated with periodontopathogens. As monocytes are very sensitive cells to
bisphosphonates??, in the present study we evaluated the effects of Ale at concentrations of
topical periodontal use on the expression of molecules involved in the immunoinflammatory
response by monocytes stimulated in vitro with Pg.

Our data showed that exposure to Ale at a final concentration of 1% in cultures did not
affect cell viability of total monocytes stimulated or not with Pg, demonstrating the
biocompatibility of this bisphosphonate at concentrations of topical periodontal use.
Stimulation with Pg reduced the viability of total monocytes in relation to the control, which
has already been observed in other studies with stimulation of leukocytes with microbial
products in vitro. However, the frequencies of viable cells still remained high in the group
stimulated with Pg.

The analysis of dihydrorodamine 123 (DHR123), a marker of reactive oxygen species
(ROS) related to respiratory burst and microbicidal activity of phagocytes, also showed that
Ale was not able to affect the expression of this molecule, both by monocytes stimulated and
not stimulated with Pg. These data suggest that Ale can play a periodontal anti-inflammatory
effect without affecting ROS production by monocytes. However, it is important to consider
that the Kkinetics of ROS production may vary at periodontal sites in response to
periodontopathogens and the evaluation of microbicidal activity, as well as studies in animal
models, are important to confirm the effects of Ale on the mechanisms of combating periodontal
pathogens.

For the recognition of components of gram-negative bacteria by the cells of the innate
immune response in periodontitis to occur, specific receptors are required, the most important
being the toll-like receptor 2 (TLR2) and TLR4. ?>% Activation of these receptors has already
been shown to be essential for the progression of periodontitis in animal models and in
humans.?®2” In our work, exposure to Ale reduced the expression of TLR2 and TLR4 by CD14+
monocytes, which could decrease the response of monocytes to bacterial products, contributing
to the reduction of periodontal inflammation. However, the microbicidal activity of these cells
is also stimulated by the recognition of molecular patterns of pathogens by the TLR receptors
and the reduction in the expression of these molecules could affect the fight against

periodontopathogens.
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Pg lipopolysaccharides (LPS) activate monocytes by biding to TLR2 and TLR4, which
stimulates the production of several cytokines.?® A study evaluating cells from patients with
periodontal disease showed that there was no increase in the expression of TLR2 and TLR4 in
macrophages stimulated with LPS of Pg.2° In our work, there was greater stimulation of TLR4
when CD14+ monocytes were stimulated with Pg. A study evaluating macrophages deficient
in TLR2 and TLR4 showed that the increased production of cytokines induced by LPS from Pg
was dependent on signaling via TLR2, while other components of this bacterium induce
cytokine production through signaling via both TLR2 and TLR4.28 Our data showed that
although Pg stimulation reduced the frequencies of TLR2+ monocytes, exposure of these cells
to Ale increased the frequencies of cells expressing this receptor. These data suggest that Ale
may try to reverse the inhibition of TLR2 expression induced by Pg. An inverse effect was
observed on the expression of TLR4, since Pg increased the frequencies of TLR4+ cells and
exposure to Ale reduced the expression of this receptor in monocytes stimulated and not
stimulated with Pg. Likewise, Ale appears to reverse the effects of Pg on TLR4 expression.
Studies evaluating the intracellular signaling pathways of TLRs may contribute to elucidate the
effects of Ale on the modulation of TLR2 and TLR4 expression in Pg-stimulated monocytes.

During the progression of periodontal disease, monocytes release several inflammatory
mediators when they recognize bacterial LPS, such as pro-inflammatory cytokines IL-1p, TNF
and IL-8 potentiating the inflammatory response, but inducing periodontal tissue degradation.®®-
%5 In the present study, exposure of total monocytes to Ale reduced the expression of all
cytokines evaluated. The reduction in the expression of pro-inflammatory cytokines, such as
IL1-B, TNF and IL-8 may contribute to the clinical effects observed in periodontal tissues, such
as reduced bleeding and bone loss.!141°> However, Ale also reduced the expression of anti-
inflammatory cytokines, such as IL-10 and TGF-B1, which are involved in the regulation of
immunoinflammatory responses, inhibition of extracellular matrix degradation and bone
resorption, and stimulation of tissue repair.®*® The reduction in the expression of several
cytokines by monocytes may represent a broader effect of Ale on the activity of these cells
without, however, affecting their viability. Furthermore, the balance of expression of various
inflammatory mediators is what determines the cellular and tissue effects of the inflammatory
process in periodontal tissues.

In the present study, stimulation with Pg increased the expression of IL-1p, IL-8, TNF,
IL-10 and reduced the expression of TGF-p1 by CD14+ monocytes. Other studies in the

literature have also shown that stimulation of macrophages with Pg causes an increase in the
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production of TNF-o, IL-1p and IL-10.39%2 The effects of stimulation of cells in vitro with Pg
should be carefully analyzed, as differences in the cytokine expression has been described when
using the whole bacterium, different strains of the bacterium or isolated virulence factos.?%4344
In the present study, heat-inactivated Pg was used. In addition, the interaction of leukocytes
with products from other bacterial species present at periodontal sites can also affect the
stimulation of cytokine expression.

In the present study, Ale exposure reduced the expression of pro-inflammatory
cytokines by Pg-stimulated total monocytes. A study carried out in monkeys with systemic
administration of Ale at 0.25 mg/kg, as therapy in the treatment of periodontal resorption,
showed that this drug increased the levels of IL-6 and IL-1PB in periodontal tissues.* Other
cellular sources besides the monocytes may be involved in the production of pro-
inflammatory cytokines, and the concentrations and routes of administration of
bisphosphonates may also influence the effects of these drugs on leukocyte
activity.114151n the present study, while Pg increased the expression of IL-10, Ale also
reduced the frequencies of monocytes that produce this cytokine. Although IL-10 acts
by inhibiting bone resorption and the expression of pro-inflammatory cytokines, the
inhibition of this cytokine expression by Ale may not impar the clinically observed anti-
inflammatory effects, as this bisphosphonate was also able to significantly reduce the
expression of cytokines IL-18, IL-8 e TNF by monocytes.

Based on the expression of CD14 and CD16 molecules, the following subpopulations
of monocytes were identified in previous studies: classic (CD14+CD16-), intermediate
(CD14+CD16+) and non-classical (CD14lowcd16+).4¢*® These subpopulations have distinct
functional characteristics, such as cytokine production profile and antigen presentation
potential.46-4

When evaluating the frequencies of cytokine producing cells within the subpopulations
of monocytes not stimulated with Pg, we observed that exposure to Ale differently affected the
expression of the evaluated cytokines, with a reduction of IL-8 and IL-10 cytokines in classical
and intermediates, reduction of TNF in non-classical and TGF-B1 only in classical. Previous
studies have shown a higher concentration of non-classical monocytes and a lower
concentration of classical monocytes in patients with chronic periodontitis.**>° A study also
showed an increase in the concentration of non-classical monocytes when stimulated by the
bacteria Salmonella Minnesota.>? Classical monocytes are less differentiated, while non-
classical monocytes are derived from classical monocytes and are more mature*®, respond

poorly to bacterial signals and are more responsive to virus associated signals.®*
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In the present study, stimulation with Pg increased the expression of pro-inflammatory
cytokines in all monocyte subpopulations and the expression of IL-10 in classical and
intermediate monocytes. Only in classical monocytes did Pg stimulation reduce the expression
of TGF-B1. When comparing the effects of Ale and Pg on classical and intermediate monocytes,
we observed that Ale acts inversely to stimulation with Pg on the expression of all cytokines,
except for TGF-B1, in which Ale reduces its expression in a similar way to Pg. The reduction
in TGF-B1 expression may interfere with the tissue repair process, since the secretion of this
cytokine by macrophages is increased in the resolution phase of the inflammatory process,
stimulating repair mechanisms.>

In the present study, under Pg stimulation, we observed that Ale preferentially affects
the expression of cytokines by classical and intermediate monocytes, reducing the expression
of both pro-inflammatory cytokines and the anti-inflammatory cytokine IL-10. Subpopulations
of classical and intermediate monocytes are more involved with bacterial responses and
stimulation of inflammatory mechanisms.*® Although studies have shown an increase in the
population of non-classical monocytes in patients with periodontal disease, it is necessary to
assess whether this profile is maintained after periodontal therapy, with reduced bacterial
colonization, at which time Ale has been used.

This is a preliminary study that showed that the use of alendronate sodium at 1% as an
adjuvant in periodontal treatment can significantly affect the expression of several molecules
involved in the immunoinflammatory process, related to microbial combat and the destruction
of periodontal tissues. Although the reduction in the expression of several pro-inflammatory
cytokines may reduce the destruction of periodontal tissues, the effect of this modulation on the
antibacterial activity of monocytes in periodontal tissues should be further investigated. Studies
in experimental models and clinical trials may clarify the effects of Ale on cellular activity in

periodontal tissues during periodontal treatment.
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Subtitles of Figures

Figure 1 - Representative dot plot graphs showing the strategy of analysis and the selection
monocytes (CD14+) and their subpopulations phenotypically identified by expression of CD14
and CD16 markers.

Figure 2 - Monocyte (CD14") viability assessed by Live and Dead method after experimental
conditions. Results expressed as percentage of viable cells for Live and Dead method. Ale:
sodium alendronate; Pg: P. gingivalis. Data from 10 donors are shown. Error bars indicate
standard deviation.

* represents a significant difference (p<0.05) between the control group and the group
stimulated with Pg (t test).

Figure 3 - The effect of sodium alendronate on the frequencies of positive cells and median
fluorescence intensity (MFI) of DHR123, TLR2 and TLR4 in CD14" monocytes stimulated or
not with P. gingivalis. Ale: sodium alendronate; Pg: P. gingivalis. Error bars indicate standard
deviation. Data from 10 donors are shown.

* represents a significant difference (p<0.05) between the control group and cells stimulated
with Pg (t test); connecting lines represent significant differences (p<0.05) between the groups
treated or not treated with Ale (t test).

Figure 4 - The effect of sodium alendronate on the frequencies of positive cells and median
fluorescence intensity (MFI) of cytokines in CD14* monocytes stimulated or not with P.
gingivalis. Ale: sodium alendronate; Pg: P. gingivalis. Error bars indicate standard deviation.
Data from 10 donors are shown.

* represents a significant difference (p<0.05) between the control group and cells stimulated
with Pg (t test or Wilcoxon); connecting lines represent significant differences (p<0.05)
between the groups treated or not treated with Ale (t test or Wilcoxon).

Figure 5 - The effect of sodium alendronate on the frequencies of cytokine positive cells in
monocyte subpopulations stimulated or not with P. gingivalis. Ale: alendronate sodium; Pg: P.
gingivalis. Error bars indicate standard deviation. Data from 10 donors are shown.

* represents a significant difference (p<0.05) between the control group and cells stimulated
with Pg (t test or Wilcoxon); connecting lines represent significant differences (p<0.05)
between the groups treated or not treated with Ale (t test or Wilcoxon).
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7 CONSIDERACOES FINAIS

O ambiente periodontal apresenta uma complexa relacdo entre diversos componentes
moleculares, celulares e microbianos, os quais ndo podem ser reproduzidos neste estudo
preliminar in vitro. Entretanto os resultados do presente estudo mostraram efeitos do
alendronato de sddio em células que participam ativamente dos processos imunoinflamatorios
nos tecidos periodontais.

As tabelas 1 e 2 sumarizam os efeitos do alendronato de sodio na expressdo dos
marcadores avaliados em granuldcitos e mondcitos, respectivamente. Em ambas as tabelas sdo

apresentados os resultados para células estimuladas ou ndo com Pg.

Tabela 1: Efeito do alendronato de sddio na expressao dos marcadores por granulécitos
humanos (CD66b™)

Células ndo estimuladas

Células estimuladas

com Pg com Pg
(CTRL X Ale) (Pg X Ale+Pg)
CD66b | MIF CD66b | MIF CD66b
| % DHR123
DHR123 | MIF DHR123
1 MIF DHR123
1 % TLR2
TLR | % e MIF TLR4 | MIF TLR2 e TLR4
| % e MIF IL-1p
o | MIF IL-8 | % ¢ MIF IL-8
Citocinas
| MIF TNF 1 % TNF
1% IL-10

Fonte: Elaborado pelo autor
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Tabela 2: Efeito do alendronato de sddio na expressdo dos marcadores por monocitos

humanos (CD14")

Células nao estimuladas

Células estimuladas

com Pg com Pg
(CTRL X Ale) (Pg X Ale+Pg)
DHR123 - -
LR | MIF TLR2 1% TLR2
| % e MIF TLR4 | % e MIF TLR4
1 % IL-1p8 | % e MIF IL-1
| % IL-8 | % ¢ MIF IL-8
Citocinas | % e MIF TNF | % e MIF TNF
| % IL-10 | % IL-10

| % e MIF TGF-B1

Fonte: Elaborado pelo autor

Com base nos resultados deste estudo a utilizacdo de doses topicas de alendronato de
sodio com adjuvante no tratamento periodontal pode afetar significativamente a expressdo de
diversas moléculas envolvidas no processo imunoinflamatério, relacionadas ao combate
microbiano e a destruicdo dos tecidos periodontais. Embora a redu¢do na expressao de diversas
citocinas pro-inflamatdrias possa contribuir para a inibi¢do da perda éssea periodontal, o efeito
dessa modulacdo na atividade microbicida de leucdcitos nos tecidos periodontais deve ser
melhor avaliado. Estudos clinicos e em modelos experimentais poderdo elucidar os efeitos

teciduais do alendronato de sédio na atividade celular durante o tratamento periodontal.
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o Trabalho publicado em anais de evento

Eleito de bisforsfonatos na produgho de citocinas monécitas

{Cosve HHO", Sk EC, Kok CC. Soura ICR, S BIA. Duirg WO, Hovs MCR, Sour PEA

PORTIFICIA UNIVERSIDADE CATOUCA DE MINAS GERAIS
E-mol herzdierombene@hosmal com '
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v EVENTOS

o Participagdo em eventos, congressos

352 REUNIAO ANUAL DA SBPqO
Expo D. Pedro - Campinas/SP

Pré-Evento: 01 de setembro 2018

Reunido Anual: 02 a 04 de setembro 2018

CERTIFICADO

Certificamos que o trabalho PN1291 - EFEITO DE BISFOSFONATOS NA PRODUGAO DE
CITOCINAS POR MONOCITOS HUMANOS ESTIMULADOS COM PORPHYROMONAS
GINGIVALIS de Castro HHO*, Silva EC, Koh CC, Souza ICB, Silva BJA, Dutra WO, Horta MCR, Souza
PEA foi apresentado

na 352 Reunido Anual da Sociedade Brasileira de Pesquisa Odontoldgica,
no perfodo de 01 a 04 de Setembro de 2018

oo,

|-
Carlos-Eduardo Francci Isabela Almeida Pordeus
Presidente Vice-Presidente

CERTIFICADO DE APRESENTACAO

CERTIFICAMOS QUE O TRABALHO

" AN UNUSUAL INTRAORAL LIPOMA: A CASE REPORT "

APRESENTADOR: CAROLINA COSTA FERREIRA, AUTORES: CAROLINA COSTA FERREIRA, MARIANA
BAETA FERNANDES PEREIRA, FABIO FERNANDES BOREM BRUZINGA, HERCULES HENRIQUE ONIBENE
CASTRO, GIOVANNA RIBEIRO SOUTO, PAULO EDUARDO ALENCAR SOUZA, LEANDRO JUNQUEIRA DE
OLIVEIRA

FOI APRESENTADO NO 46° CONGRESSO BRASILEIRO DE ESTOMATOLOGIA E PATOLOGIA ORAL, NA
CATEGORIA PAINEIS DE CASOS CLINICOS E SERIES DE CASOS, REALIZADO NOS DIAS 27 A 30 DE JULHO
DE 2021, ONLINE

Certificado #204521.20210420.211944 - emitido em 03/08/2021
Secretaria da SOBEP

MANOELA DOMINGUES MARTINS AGUIDA MARIA MENEZES AGUIAR
PRESIDENTE 46° CONGRESSO SOBEP PRESIDENTE DA SOBEP

3 Oral - Av. Lineu Prestes, 2227 - Cidade Universitiria
CEP: 05508-000 - S30 Paulo - SP - CNPJ: 46.367.215/0001-46
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v PRODUCAO TECNICA

o Desenvolvimentos de material didatico ou instrucional

1.CASTRO, HERCULES HENRIQUE ONIBENE; Gomes, H. E.; CUNHA, R. A. A;
LANZA, G. L; HORTA, M. C. R.; SOUZA, P. E. A. AplicacGes Clinicas dos Mini-implantes
na ortodontia. 2019. (Desenvolvimento de material didatico ou instrucional - video).

2. PENIDO, F. 0.; CASTRO, HERCULES HENRIQUE ONIBENE; SERAIDARIAN, K.
K. A.; ALMEIDA, L. F.; CARDOSO, P. A.; CUNHA, R. A. A.; SERAIDARIAN, P. I
Higienizacao das dentaduras: um cuidado para sua satde. 2019. (Desenvolvimento de material
didatico ou instrucional - Video).

3. CASTRO, HERCULES HENRIQUE ONIBENE; Gomes, H. E; CUNHA, R. A. A;
LANZA, G. L; HORTA, M. C. R.; SOUZA, P. E. A. Preservacao alveolar com biomateriais.
2019. (Desenvolvimento de material didatico ou instrucional -  video).

4. ALVES, R; LANZA, G.; Gomes, H. E.; ONIBENE CASTRO, HERCULES HENRIQUE;
VESPASIANO, A.; MANZI, F. R. Efeitos dos Raios X e biosseguranca na radiologia
odontolégica. 2018. (Desenvolvimento de material didatico ou instrucional - Video Gotas de
Conhecimento).
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